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The Structures connected with the Ovarian 
Ovum of Marsupialia and Monotremata. 

By 

Kdward B. PoaUon, M.A., 

of Jeaus and Keble Colleges, Oxford. 

With Plate V. 

The Orary of Marsupialia—Ii, the spring of 1888 I 
!ur .*? J^"^* «';"g/e°>ale of Phalangista (P. Vulpin'a). 
Although I have only been able at present to work upon the 
ovanes of this Marsupial, I have no doubt that, in .iential 
pomts-^uch as the structure of the ripe Graafian follicl^the 
present description will prove to be characteristic of the order 
It IS very difficult to imagine such important characters to be* 
of less than ordinal value, especially when we consider that the 
structure, hitherto described as the normal mammalian Gr J^ 
foUicle, appears to be practically constant in so many orderT 
I have not, therefore, hesitated to give the above title to thii 

LTfi^d t ^^ . "^ .^^ ^""^ '^ posteriori proof when I 
can find time and material. There are also cerfain points in 

iirt:x °^ "" ''^''' ^^""'"*^ '^ •"- ^-^-«^ 

The ovaries were hardened in chromic acid (of which the 
strength was increased during the process), and afterward! 
graduaUy in spirit. They were about 9 mm.' in lengthTe mm 
in width, and 7 mm. in thickness. Their surface was studded' 
with large projecting follicles (see fig. 1 x 9). In neZ aTl 
cases the sections were cut after staining the tissue as a who^ 
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4 EDWARD B. POULTON. 

and leaving it for a long time in melted paraffin. In this way 
it was possible to retain the entire contents of the follicles in 
situ. Borax carmine was chiefly used as the staining reagent. 
Fig. 1 gives a general view of all the structures seen under a 
low power in a complete section. The germinal epithelium is, 
as usual, a single layer of the very low columnar type. It is 
much lower than the cells lining the adjacent oviduct. The ar- 
rangement of the stroma in the thin '' albuginea " seems to vary 
in different parts of the periphery of the organ, sometimes one 
layer being present, sometimes two or more, of which the cells 
cross one another. An irregular layer of small follicles (cor- 
tical layer of S'chron) is next met with, and there is a special 
tendency towards the formation of groups. Below this the 
follicles increase in size, but the largest project from the sur- 
face. In the centre of the organ there is a very richly -supplied 
'' zona vasculosa,^' the vessels of which radiate outwards to the 
large follicles. In the rapid growth of a large follicle, some of 
the adjacent small ones are subject to such pressure that they 
become drawn out at right angles to the force, and parallel 
with the circumference of the large follicle (see fig. 4, e,f.). 
Some of the follicles distorted in this way are found consider- 
ably advanced in development, with the membrana granulosa 
many cells deep. I have no doubt that this explains many of 
the abnormally-shaped follicles described in the ovaries of 
higher mammals ; it is certainly the explanation here. 

The substance of the organ consists of a mixture of normal 
stroma cells and fibrous connective tissue. In the ** tunica 
fibrosa '' of the largest follicles the peripheral layers consist of 
fibrous connective tissue, the central of concentrically-arranged 
stroma cells, with abundant capillaries just outside the mem- 
brana granulosa (see fig. 6, /•/.). Yellowish granular cells, 
united into lobes and cords, are very abundant in the zona 
vasculosa (fig. 1), and isolated masses are also common, peri- 
pherally (fig. 4, g.c). They are, doubtless, the traces of the 
Wolffian Body, which have been described in other mammals. 
There is no essential difference between the Marsupial ovary 
and that of higher mammals in any of the points described 



Digitized by 



Google 



OVABIAN OVQM OF MABSUPIALIA AND MONOTBEMATA. 5 

aboYe. But important differences exist between tbe Marsupial 
Graafian follicles and those hitherto considered universal 
among mammalia. Thus even in the lowly-maguified (fig. 1) 
the larger follicles are seen to possess a very thin and regular 
membrana granulosa, and the ovum in a (probably) full-sized 
follicle does not lie in a cumulus proligerus^ but is embedded 
in a substance corresponding in position with the liquor folli- 
culi. Minute examination shows further peculiarities. The 
young follicles appear to be normal ; the ova are at first sur- 
rounded by a single layer of flattened cells — the follicular epithe- 
lium. These thicken and then multiply^ forming a membrana 
granulosa several cells deep. It is then noticeable that the 
cells in immediate proximity to the ovum are not columnar, 
and thus the layer of radiating cells round the ovum^ so cha* 
racteristic of the higher mammalia^ is entirely absent. In fact^ 
these cells show a tendency towards the flattened shape, and 
columnar cells never appear in this position throughout the 
further stages of the follicle. 

The granulosa cells have distinct readily-staining nuclei; 
they are very easily changed in shape, and it is hard to dis- 
tinguish their outlines. They are probably polyhedral, with a 
frequent tendency to be drawn out parallel with the side of 
the ovum. The layer round the ovum sometimes shows a ten- 
dency to split away from the others. There is sometimes an 
indication of columnar structure in the cells near to the folli- 
cular wall. The great want of persistence in form shown by 
these cells is seen when the granulosa has split away from the 
follicular walls (as very frequently happens) . Then the cells 
are drawn out into long threadlike processes, of which many 
are left behind, flxed to the membrana propria. The latter is 
extremely thin. Subsequent examination of a fresh specimen, 
and after the use of other reagents, confirms the above de- 
scription. The outer granulosa cells are columnar, the others 
polyhedral. The outlines are much more distinct than in the 
figures which were drawn from the organ hardened in chromic 
acid. 

The zona pellucida (?) is excessively thin throughout the 
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6 EDWAKD B. POULTON, 

Tf hole of oyarian deyelopmeot. In one instance I calculated 
that it was '0013 mm. in thickness, and, even allowing for a 
considerable error, the result is very remarkable. The ovum 
itself (as prepared by the method above described) appeared as 
a very delicate network, which did not stain with reagents. 
The nucleus (germinal vesicle) was enclosed in a distinct 
limiting membrane, and appeared in two forms distinguished 
by their behaviour with staining fluids. In the one case it 
stained deeply (see fig. 8), and in the other not at all (see 
fig. 2). It generally showed a coarse network, and it always 
contained a distinct spherical dark-coloured nucleolus (ger- 
minal spot). I could never distinguish the nucleus in the 
ovum of a large follicle. In the smallest ova the nucleus ap- 
peared to be always central, and it became eccentric during 
increase in size (compare figs. 4, g^f^ with 2 and 8). The first 
traces of a cavity in the granulosa resemble the corresponding 
change in higher animals, and at first the clot formed in the 
cavity (by the reagents) appears to be identical with the 
coagulated liquor foUiculi. The former shrinks away from the 
walls of the cavity, remaining attached by threads, and in 
structure it is homogenous or finely granular. While the clot 
is thus normal the ovum is still embedded in the thickened 
granulosa cells, which at this stage may be called a cumulus 
proligerus. At this point the only essential characteristic of 
the follicle is the absence of radiating columnar cells round 
the ovum (see fig. 4). During further development the fol- 
licle increases immensely in size, and the granulosa cells form 
the abundant follicular contents so rapidly that (as the follicle 
widens) the layer is much reduced in thickness. The cells 
round the ovum undergo a similar change, and thus the ovum 
comes to be isolated in the follicular contents, surrounded by 
vanishing layers of cells (see fig. 5). The change continues 
until in the large follicle the ovum is left embedded in the 
central substance, completely detached from the membrana 
granulosa, and only bounded by its zona pellucida (see fig. 6). 
Nevertheless, there are slight thickenings on the granulosa at 
the point nearest to the ovum, probably due to the fact that 
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OVAEIAN OTTJM OF MAESUPIALIA AND MONOTEEMATA. 7 

the layer was thickest here^ and has conseqnently here remaiaed 
in greatest amount (fig. 6). In one case I observed one or two 
layers of cells still surrounding an isolated OTum in an appa- 
rently ripe follicle. While the changes in the granulosa have 
thus progressed beyond any stage met with in higher mammals, 
the central contents of the follicle have also undergone modifi- 
cation. This is seen in the fact that the ovum, although in the 
follicular contents, was always imbedded (in the cases that came 
under my observation) on the side of the follicle that projected 
from the surface of the ovary, and generally (but not invariably) 
was placed near to the point of greatest projection (fig. 6). 
Again, the position of the ovum always bore a definite relation 
to the thickenings of the granulosa. But the ovum could not 
have any such definite relations if it were floating freely in a 
fluid such as the liquor folliculi. Therefore, it seems clear 
that the central contents of the follicle have become so gela- 
tinous or viscous that the ovum can be imbedded without 
change of position (unless, indeed, it is anchored to the side, 
and of this I could find no proof). At the same time, the 
microscopic appearance of the central substance has entirely 
changed, assuming, finally, the appearance of a coarsely- 
granular network, which does not stain (see figs. 6 and 7) 
This network has not shrunk away from the granulosa daring 
hardening, but when any contraction takes place, this generally 
produces a space between the granulosa and the follicular walls 
(see fig. 1), and the former often becomes much folded. In 
one instance only I found a considerable cavity between the 
central contents and the granulosa. Of course it is impossible 
to decide as to the condition of this remarkable structure 
during life without the investigation of the fresh organ. It 
may be that some of the appearances (e.g. granules) are due to 
coagulation produced by the reagents, but it is certain, from 
the above considerations, that a great change has taken place 
in the contents, and that ultimately there appears a substance 
very different from the ordinary liquor folliculi. In fact, 
nothing could be more different than the appearance of ordi- 
nary liquor from that of the central contents in question, when 
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8 EDWARD B. POULTON. 

both have been treated with the same reagents. And there is 
an almost equal difference between the appearance of the con- 
tents of a young and of an old follicle in the same Marsupial 
ovary (compare figs. 4 and 6). In the younger stages, when 
the follicular contents are finely granular^ and the ovum is not 
yet isolated, the granulosa cells next to the central contents 
frequently appear swollen and vesicular, unstained, and with 
no distinct nuclei (fig. 4). Later there appears a distinct 
intermediate layer between the central contents and the 
granulosa. This layer is a network which seems to be con- 
tinuous with the granulosa cells peripherally, and the strands of 
the contents centrally (see fig. 7). The intermediate network 
stains, and nuclei are common in it, apparently placed at the 
nodal points, so that it probably represents the granulosa cells, 
becoming stellate and arranged as a network, which again is 
continuous into the central contents. The latter generally show 
some slight distinction between the peripheral layer close to 
the intermediate network and the central part. Since writing 
the above, I have examined a fresh specimen, but unfortunately 
there were very few large follicles present. There was cer- 
tainly some fluid present in the largest follicles, but the fol- 
licular contents could be forced out entire, and apparently 
surrounded by a wall, which may be the granulosa. I cannot 
be sure that this condition persists in the ripe follicle. The 
fluid is, as usual, albuminous. I could not detect the granules 
covering a network in the fresh state, but this may be due to 
the fact that the follicles were not ripe. I hope to work at the 
subject again. 

The largest follicles seem to be about 2 mm. in their largest 
diameter, but there is not much difference between the long 
and short axes. In one follicle of about this size, the external 
fibrous part of the tunica fibrosa had thinned away at the most 
projecting pole* (beneath which was the ovum), and it is there- 
fore likely that the follicle was ripe. It is impossible to do 
more than speculate as to whether any of the gelatinous ova- 
rian covering of the ovum (in the follicle) clings to it as an 
accessory layer after being received into the oviduct. The 
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OVAEIAN OVUM OP MAESUPIALIA AND MONOTBEMATA. 9 

position of the ovum towards the projecting side is against 
such a theory. The corpora lutea do not seem to be peculiar. 
The sizes of all structures mentioned can be readily calculated 
from the figures. Thus there are important distinctions be- 
tween the Graafian follicles of a Marsupial and those of the 
higher Mammalia, and yet these distinctions are by no means 
in the direction of greater simplicity in the former, but rather 
the reverse. We shall find a very different state of things in 
Monotremes. 

The Ovary of Monotremata. — Finding such interesting 
peculiarities in the ovary of Marsupials, I determined to in- 
vestigate the same organ in Monotremes. Professor Moseley 
very kindly allowed me to take the ovary from a female speci- 
men of Omithorhynchus, which had been kept in spirits for 
many years in the University Museum, and also to look over 
and take what I could from some specimens of Echidna which 
had been similarly kept, but were not in a favorable con- 
dition for microscopic investigation. The ovary of Ornitho- 
rhynchus was flat (it may have been accidentally compressed) 
and oval, about 18 mm. long, 7 mm. wide, and 2 mm. thick. 
The edges were sharp. It was impossible to make out the 
shape or size of this organ in Echidna. In both cases I treated 
the organ as previously described after gradual hardening 
in spirit. Fig. 8x9 gives the appearance of a trans- 
verse section across- the ovary of Ornithorhynchus. The 
follicles are confined to the edge of the section, and there- 
fore the surface of the organ. There does not appear to 
be any distinct arrangement of follicles according to their 
size, but the small ones always seem to be very near the sur- 
face. There were indications that the large follicles are con- 
stricted off, in the presence of a deep furrow encircling some 
of them. It is probable that this would be far more distinct 
in the fresh organ. Such constriction is a much more impor- 
tant character than mere projection, which occurs in Marsu- 
pials, and in some higher orders. There was, of course, no 
trace of the germinal epithelium, and nothing could be ascer- 
tained as to the true nature of the stroma. There certainly is 
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10 EDWARD B. POULTON. 

a layer, condensed from the general substance of the organ, 
upon the outside of large follicles, but it was impossible to in- 
vestigate its minute structure. Blood-vessels were not common 
or large in the central tissue of my sections (taken transversely 
across the middle of the organ) . It is certain that they were 
much contracted, and perhaps often obliterated. But while I 
was able to make very little out of the general structure of the 
organ, I was more fortunate with the follicles, in which some 
most important points were still recognisable. On first exa- 
mining some of the largest follicles (about 1 mm. in diameter, 
but probably contracted), I found the ovum much shrunk, and 
generally disintegrated, but between it and the follicular walls 
there were a number of short segments of the same curvature 
as the follicle (or rather less). Further examination showed 
that these segments consisted of two layers of about equal 
thickness, the inner being homogeneous, and the outer evi- 
dently composed of a single layer of cutical cells. Careful 
search over a large number of sections enabled me to prove 
that the outer layer was the follicular epithelium — a single 
layer during the whole time that the ovum remains 
in the follicle. Therefore Ornithorhynchus follows the lower 
type, and never gains the characteristic mammalian granulosa 
with many layers of cells. In many follicles of the largest size 
I found the single-layered epithelium still adherent to the wall 
over a large part of the circumference. The epithelium formed 
a very persistent, layer, and in many cases it remained con- 
tinuous when separated from the follicle by the contracting ovum. 
When thus separated, it was possible to observe the layer from 
the surface, and it then appeared as a mosaic of cells. The 
inner part of the segments is an investment of the ovum — pro- 
bably the zona pellucida. This layer is generally closely 
adherent to the epithelium, and thus both were shattered when 
the ovum contracted. It is very common to find a third finely- 
granular layer of about the same thickness as the others on 
the inside of the segments. Those few fortunate sections 
which showed these layers in situ proved that this third layer 
is the external part of the ovum (see fig. 12). Under high 
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OVARIAN OVUM OF MABSUPIALIA AND MONOTBBBIATA. 11 

powers it is possible to make out a fine layer between the zona 
and the third layer^ and one (or sometimes two) fine lines in 
the inner part of the zona> parallel with its surface. The 
latter •may be an indication of a laminated structure^ or 
it may be an optical effect^ or caased by changes in the 
tissues. The minute structure of these layers must be in- 
vestigated with better material. The result of these facts is 
that the ova of Monotremes practically fill their follicles^ and 
are of considerable size. In this specimen the ova had often 
shrunk to half the diameter of the follicle, and the intervening 
space was occupied by the loosely-packed debris of the epithe- 
lium and zona. High powers showed that the follicular 
epithelium rests on a thin but distinct membrana propria^ 
which it often draws with it away from the follicular walls. In 
young follicles the epithelium is thin, but it soon becomes cubi- 
cal, and the zona appears, at first staining slightly, and of less 
thickness than later; always apparently homogeneous. Con- 
cerning the ova, it is an obvious suggestion that in such large 
structures there must be a well-marked distinction into food- 
yolk and germinal-yolk. It is also probable that segmentation 
is unequal, perhaps partial. The large ova were generally dis- 
integrated, but from occasional specimens I found that the 
nucleus (germinal vesicle) was eccentric, having been central in 
small ova. The nucleus had a distinct limiting membrane, 
within which it had shrunk (see fig. 11). There was a well- 
marked nucleolus (germinal spot) . Within the external, finely- 
granular, deeply-staining layer of the ovum ; there was another 
irregular layer of finely-granular material which did not stain 
deeply, within which there were a number of various-sized 
spheres and spheroids, some of them very large. These were 
finely granular under high powers, and did not stain deeply. 
Again, in the centre, there were traces of material similar to 
that just external to the spheres (and which seemed to pass 
between them). This may be the result of change, but I do not 
think that it is so entirely. Here, again, confirmation must 
come with better material. It seems probable that the darkly- 
staining, peripheral^ vitelline layer is the most recently-formed 
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12 EDWABD B. POULTON. 

secondary yolk. These finely-granular layers^ and tlie splie* 
roids within^ together with the external inveatments, have a 
very obvious resemblance to Waldeyer's figure of the follicle 
of a fowl (fig. 194^ p. 184^ vol. ii. of the English translation 
of Strieker). In fig. 11, the nucleus is situated in the layer 
of spheroids ; it is probably on its way towards the circum- 
ference. 

The corpora lutea are very remarkable. The most important 
change that takes place in their formation seems to be the 
thickening of the tunica fibrosa, which thickening continues 
until the cavity is almost, or quite, obliterated. This change 
appears to begin early, and sometimes to be the only change^ 
but of this I cannot speak with certainty* In the immensely- 
thickened layer blood-vessels are common. Such structures, 
with walls of all degrees of thickness, were very common in- 
deed (see fig. 1). Sometimes the lumen appeared empty, and 
sometimes it appeared to contain a shrunken basement-mem- 
brane with a few cells, perhaps of the follicular epithelium. 
In other and far rarer instances I observed masses of yellow 
cells within the thickened walls. It may be that this last is 
the initial, the former the ultimate stage, and that thus the 
corpora lutea are not very remarkable in this animal; but 
the objection to this is, that the masses of yellow cells are 
comparatively rare, and that they do not form large and 
important masses, and further, that the former chauges seem 
to be taking place at an early date, as far as one can judge. 
In a few cases the lumen contained a yellow shrunken clot 
which had also stained the adjacent tissues. This whole ques- 
tion needs further elucidation. 

The condition of the ovaries of Echidna was such that I 
could make out nothing, except the important fact that the 
follicular epithelium and zona pellucida are similar to Ornith- 
orhynchus. I was enabled to ascertain this from an examina- 
tion of scattered segments, such as I have described. 

These results as to the relation of the ovum within the ovary 
are very important, being characters that persist over important 
sections of the animal kingdom* If the conclusion that I have 



Digitized by 



Google 



OYABIAN OVUM OF MABSUPIALIA A^D MONOTBEMATA. 13 

expressed above concerning the follicular epithelium of Mono- 
tremesbe correct (and of this point I am sure)^ it will, perhaps, 
more than any other character, serve to_ place this order on a 
totally different level from the other mammalia. It sinks the 
differences between Marsupialia and Monodelphia in an equal 
divergence from both. The result is^ I think, astonishing ; the 
gap is almost greater than could be expected — not only in the 
Monotreme's downward affinities, but in the upward affinities 
of the Marsupials. In other points (^' The Tongue of Ornitho- 
rhynchus'' in this Journal for July, 1883) I have shown 
indications of transition between the two orders, but there is 
no such tendency here, where the characters are probably of 
very deep significance. 



Digitized by 



Google ^ 



JOURNAL OF MICROSCOPICAL SCIENCE. 



DESCRIPTION OP PLATE V, 

niostrating Mr. Poulton's Paper oa '' The Stractures connected 
with the Ovarian Ovam of Maraupialia and Monotremata.^' 

Fig. 1.— X 0. Transrene section of the OTary of Phalangista. The figure 
gives a representation of the appearances seen in an average section of this 
OTary. Even under this low power there are certain obvious differences 
between such a section and that of the Mammalian ovary as usually described. 
This is especially true of the larger follicles (F. and F'.)» of which the. 
membrana granulosa (M. 6.) forms a very thin and regular layer, only marked 
by slight thickenings at the point nearest to the ovum (o.)* The latter is 
never embedded in the membrana granulosa in the largest follicles, so that the 
slight thickenings are the only indications of a cumulus proligerus, and the 
ovum lies in the abundant contents of the follicle. Other differences will 
appear in the more highly magnified figures, it. Stroma, consisting of fibrous 
tissue and stroma cells. F. Largo follicle, with the included ovum (o) turned 
towards the outside of the ovaiy. /. t. Tunica fibrosa, becoming highly 
vascular close to the follicle, m. g, Membrana granulosa, relatively thin and 
regular (except near to the ovum), t. /. Intermediate layer, in which the 
cells of the membrana granulosa are continuous into the contents of the 
follicle (central substance). e> t. Central substance, very different from the 
liquor foliiculi of the ordinarily-described Mammalian follicle, both in struc- 
ture and in the fact that the ovum lies within it. The substance stains with 
extreme difficulty, and often not at all. Its external layer is rather darker, 
bordering on the lighter intermediate layer (but these effects are not due to 
the st-aining), while the membrana granulosa stains deeply. The structure 
and relations of these layers will appear in the more highly magnified figures. 
J*. Large follicles of similar structure to the one described above, but not 
cut through in the plane of the ovum. It is seen that as the follicles increase 
in size they project more and more from the surface. The contents of the 
follicles have contracted, thus leaving a space between the membrana granulosa 
and the follicular walls. In one case the membrana granulosa has been 
thrown into folds. This appearance is different from that seen in higher 
Mammalia, where the fiuid contents of the follicle shrink away from the 
membrana granulosa (which rarely becomes detached from the follicular walls) 
in the process of hardening, and probably also drain away to some extent. 
Here in the large follicles the contents generally fill the space included by the 
membrana granulosa. F', Tangential sections through large follicles, in some 



Digitized by 



Google 



DESCRIPTION OF PLATE V-continued. 

cases only showing the fibrous tnnio, in others the membrana grannlosa ; while 
in one instance the intermediate lajer is also cut through and appears as a 
central light area surrounded by the darker membrana granulosa, g.f. Groups 
of small follicles, in some cases containing a larger follicle with the primary 
single-layered epithelium, advanced into the many-layered membrana granulosa. 
These small follicles form an irregular cortical layer of Schron, external to 
this is the albuginea and germinal epithelium. Isolated follicles in various 
stages are also scattered through the cortical part of the ovary. When these 
are pressed by the rapid growth of a large follicle, they give way and become 
drawn out in the direction of the circumference of the latter (this is well seen 
in Eig. 4). e, /. Corpus luteum, filled with yellowish cells, among which the 
external tissues intrude, carrying blood-vessels with them. Y. P. The very 
Tascular central part of the organ (eona vasculosa). g. e. Lobules of granular 
cells, often arranged in elongated masses. These are doubtless the remains of 
the Wolffian body. Although especially present towards the central part of 
the organ, scattered lobules and masses also occur in the cortical part (Eig. 4). 

The next five figures (8 — 6) show the gradual development of a follido, the 
earliest stage being shown in the small follicles of Eig. 4. All the figures 
are magnified fifty diameters, so that the relative sises express a true ratio. 

Eig. 8.— X 60. A small follicle, with the included ovum. m.g. Membrana 
granulosa, with its external basement membrane. The shape of the cells is 
very difficult to determine: sometimes they appear polygonal, sometimes 
flattened, and sometimes there is an indefinite appearance of columnar struc- 
ture in the external layer. The nuclei stain deeply. The indefinite shape of 
the cells is doubtless due to their extreme fiexibility. Subsequent investiga- 
tion haa shown that the outer cells are columnar, the others polygonal. It is 
perfectly dear that there is no regular layer of columnar cells, with a radiate 
arrangement, round the ovum. In fact the layer next the ovum often seems to be 
composed of rather fiattened cells. Here again is an important point in which 
the Marsupial follicle does not follow a very characteristic feature of the higher 
Mammalia, o. The ovum itself, the reference mark being placed in the 
Titellns. The zona pellucida (P) is excessively thin, and I could detect no 
trace of another layer. The substance of the vitellus appears as an extremely 
fine network (in this specimen hardened with chromic acid), which does not 
stain readily. «. The subcentral nucleus (germinal vesicle). This structure 
sometimes stains very slightly, or not at all (as shown in this figure) ; while 
in other cases it stains deeply (Eig. 3). After the methods employed in 
hardening, it shows a coarse network. It possesses a distinct limiting mem- 
brane. There is a distinct spherical nucleolus (germinal spot), which is 
dearly defined and generally very dark. 

YiQ, 3. — X 50. The reference marks are the same as those of the last ig^ 
The nudeus in this case stains deeply, and it is placed at the drcomferenoe of 
the ovum. 
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DESCRIPTION OF PLA.TE V-continoed. 

Fig. 4. — x 60. g.f. Groups of small follicles, with a single layered 
flattened epithelium. The nucleus of the ovum is central. That one of the 
group nearest to a large and growing follicle has become compressed into an 
oval shape, and this is still more the case with the members of two other 
small groups of follicles («./.). g* e. Granular cells, arranged in two 
elongated masses (remains of the Wolffian body). The reference marks de- 
scribing the large follicle are In most cases similar to those previously 
explained. V. G. Vesicular cells, transitional into the central substance {e, «.). 
These cells are an addition to the intermediate layer (t. /.), and are not present 
in the largest follicles. They are swollen, unstained, with no distinct nucleus, 
and are doubtless in a state of transition into the central substance. The 
OTum (o) has no distinctly marked nucleus; it becomes indistinct in the 
increase from the size shown in Fig. 3 to that shown in this fig. I have never 
been able to detect it in the largest ovarian ova. There is a thin layer of the 
membrana granulosa cells surrounding the ovum as in the higher Mammalia, 
but the cells are not columnar. The central substance {c, «.) is finely granular 
and dot-like. It has shrunk away from the membrana granulosa. In both 
these respects it more resembles the appearances presented by the hardened 
liquor foliiculi of higher Mammalia, and in both respects the resemblance is 
greater in younger follicles and gradually disappears as the follicles become 
older. The present figure would fairlyrepreseni a stage in the development 
of the Graafian follicle of higher Mammalia, except for the absence of columnar 
cells round the ovum. In this and the succeeding figs. 5 — 7 the outer cells 
of the granulosa should be columnar, the others more distinctly polygonal. 

Fig. 5. — x 60. A larger follicle than the last. The reference marks are 
the same. There are still cells of the membrana granulosa round the ovum, 
but they have no connection with the peripheral cells, thus diverging from the 
higher Mammalian type. The central substance {e. t.) still remains finely 
granular, but it has not shrunk away from the membrana granulosa. 

Fie. 6. — X 50. An apparently fuU-sised follicle. Most of the references 
are the same. The ovum {o) b now seen to be embedded in the central 
substance {c. #.) with no traces of cells round it (occasionally they can be 
detected). The central substance (after the use of the above-mentioned re- 
agents) is a granular network, which stains with difficulty and does not 
shrink away from the membrana granulosa. The fibrous tunic (/. ^.) is seen 
to be especially densely fibrous in its outer part, and vascular within. The 
membrana granulosa is irregularly thickened opposite to the ovum, and at this 
point the fibrous tunic thins away so that the follicle nearly penetrates it. 
This fact and the slight thickness which separates the follicle from the external 
surface, together with the convexity of the latter, make it probable that the 
follicle is ripe. The ovum is always placed (as far as I have observed) on that 
side of the ripe follicle which is directed towards the external surface of the 
ovary, though not always at the most convex point. The granulosa cells 
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should be more disiinot : they are drawn as they appeared after the action of 
chromio acid. 

JfiG. 7. — X 188. A portion of the periphery of a large follicle (about 3 
mm. in diameter), showing the details of some straotures already mentioned. 
The reference figures ha^e been already explained. The membrana granulosa 
is relatively thin, and forms an even hijer. The intermediate layer (i. /.) 
is seen to form a coarse network, the origin of which from the cells of 
the membrana granulosa is proved by actual continuity and by the presence of 
nuclei at the nodal points. Nuclei are sometimes met with at a considerable 
distance from the membrana granulosa. The central substance (e, s,) is 
continuous with the strands of the intermediate layer. It forms a very 
granular network, with thick irregular strands. These are the appearances 
seen after the action of hardening reagents. The outermost cells of the 
granulosa should be columnar. 

Fig. 8. — x 0. A transverse section of the ovary of Ornithorhynchus. 
The whole organ was much contracted and altered, it. Stroma, very much 
contracted, and of which it was impossible to make out the true structure. 
In the central part of the section there are a few small blood-vessels. The 
ovary is a flattened oval body, and it is possible that blood-vessels are more 
abundant in the central part of some other region than that seen in this 
section, and it is likely that here they are much concealed by the contracted 
state of the tissues. The follicles {F,) are very abundant all round the 
periphery of the section, and the large ones project from the surface. There 
is also a tendency towards constriction of the larger follicles, thus resembling 
the arrangement in some other vertebrates where the constriction is carried so 
far as to produce a stalked appearance. It is also probable that the constric- 
tion is far more marked in a fresh ovary than in the one from which this section 
is taken. The light spherical spaces inside the follicles represent the ova, 
which are thus much larger than in other Mammalia, although the follicles are 
far smaller than those of Fhalangista. The line enclosing the light spaces 
represents the zona pellucida (?) and the single-layered follicular epithelium. 
Outside this is the basement membrane of the epithelium and an external 
layer, which represents the fibrous tunic, e. L Structures representing the 
Corpora lutea. There seem to be different forms of these. In some few 
cases I have found the follicular lumen apparently filled with yellowish cells, 
and the fibrous tunic thickened. In other cases, evidently soon after the 
escape of the ovum, the lumen was partially occupied by a yellow shrunken 
clot, which had also stained the adjacent tissues. Most commonly, however, 
the lumen seems to be obliterated by a gradual thickening of the tunic, in 
which vessels can be detected. Some of those in the section are of this kind, 
while others still show a slight trace of the lumen. It is of course probable 
that some of the appearances mentioned (if not all) are different stages of one 
history, but these apparently highly peculiar structures can only be satbfactorily 
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DESCRIPTION OP PLATE V-continued. 

made out when better material is obtained. It is seen that these stmotores 
do not project from the surface to the same extent as the large follicles. 

Fig. 9. — x 188. A small follicle from the OTsry of Omithorhyndras. At 
this stage the follicle is not at all unlike those of the higher Mammalia, but in 
one of this size the follicular epithelium (see Fig. 4, y./) would be flattened, 
and the zona pellucida less marked. /. e. FoUicular epithelium composed of 
cubical cells, resting upon a basement membrane, z, p. Structureless mem- 
brane probably the zona pellucida, generally strongly adherent to the follicular 
epitheUum. o. Oyum, with «. the nucleus, containing a probably altered 
nucleolus. 

Fio. 10.— X 188. A rather larger follicle. The references are similar, 
except that/ /., the fibrous tunic, is added in this case. 

Fio. 11. — X 188. The ovum in this instance had shrunk, but retained its 
shape notwithstanding. The follicle was about twice the diameter of the oTum 
(and the latter when unshrunk must have filled it), and the interral was filled 
with the debris of epithelium and zona pellucida. Two of the fragments an 
drawn. The difference in size between the cells of this figure and the preoed- 
ing may be due to different degrees of contraction. The roference letters an 
the same as those of the preceding figures. The nucleus {%) is seen to possess 
a distinct limiting membrane, within which it has shrunk. The external part 
of the ovum (o) is finely granular, even under high powers ; within this is a 
zone chiefiy composed of large granular spheres, and again in the centre the 
ovum becomes finely granular. The nucleus is situated in the intermediate 
zone, and is probably on its way to the periphery. Although the OTa of the 
specimen hero described wero very much altered and sometimes completely 
disintegrated, yet I found the appearances so often and so distinctly that I 
think it very probable that they ropresent to a large extent the actual con- 
dition of the ovum. 

Fio. 12. — X 406. The periphery of a large follicle (probably 1 mm. in 
diameter, and mora when uncontracted) highly magnified. /. /. Fibrous tunic, 
from which the epithelium (/. «.) and its basement membrane (b, m.) have 
shrunk away. z. p. Zona pellucida, on the inner surface of which is a thin 
layer {a^. fi/.\ which may be the indication of a laminated structure, or may 
be possibly an optical effect or a result of change. In some cases I have been 
able to detect two such lines, o. m. A fine layer within the zona pellucida. 
e, /. External layer of the vitellus, which stains deeply and is finely granular. 
This is very constant, and adheres closely to the zona pellucida, so that it is 
common to find short arcs composed of these two layers with the follicular 
epithelium also attached to the outside of the zona pellucida, while the rest 
of the ovum has disintegrated and the periphery has thus been broken, 
y. t. Large finely granular spherical or oval masses. Between these and the 
deeply-staining external layer {e. /.), just described, there is a finely granular 
layer which does not stain deeply. 
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(Plate XIV.) 

I. The Black Caiman (Caiman niger), of Inter-Tropical America, 
is, vith the exception of Tomisioma, the only Emjdosaurian living in 
vhich the vomers are freely intercalated between the bones of the 
palato-maxillary series. In Tomistoma they are so disposed as to 
be visible from beneath over a short and constricted area between the 
posterior ends of the palatines, as was first shown by MuUer and 
Schlegel \ In Caiman niger they are, unhke those of all other Croco- 
dilia, prolonged forwards into the premaxillo-maxillary region, and 
their inflated free ends (to.'", Plate XIV. fig. 7) occupy a wide inter- 

* Of, Huxley, Joum. Linn. Soc Lond., Zool. vol. iv. pp. 17, 19 (1860). For 
synonypiy see Boulengor's Brit. M us. Gat. of OhelonianB, BhynchocopbalianB, 
and Orooodiles, 1889, p. 276. 

[2] 
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space between the premaxillo-maxillary sutures (s.m.), to be referred 
to in full later on. This remarkable departure from the Crocodilian 
type of structure was first described by Owen ' ; Huxley redescribed 
it seven years later ' ; and both writers referred it to the one isolated 
species named. Gray, with that mischievous originality for which he 
was so notorious, gaye the character' as diagnostic of the genus 
Jaeare, and his error has been transcribed by Lydekker in the 
* PalaeontologiA Indica'^. It remained for Boulenger to rectify 
matters ; and in having done so, to show ' that the feature remains 
distinctive of the species (C. niffer) in which it was originally de- 
scribed, and of none other. 

The leading fact that the vomers of Caiman niger are, at their 
point of intercalation between the premaxillo-maxillary bones, inflated 
and buUate (vo.'", fig. 2) was apparently known to Owen {loo. dt,) ; 
and a detailed account of the general relationships of these bones 
has been given by Huxley *. Their remarkable characters, however, 
have neither received that attention which they^deserve, nor have 
attempts been thus far made to decipher their meaning. It is 
precisely this gap in our knowledge which, thanks to some specimens 
generously placed at my disposal by Prof. Huxley, I would now 
attempt to fill. 

The vomers of the short-snouted Crocodilia in ordinary (©o.', fig. 1) 
usually commence to taper anteriorly at a point more or less verti- 
cally disposed above the maxillo-palatine suture (a.mp,). There is 
much variation individually and with age in respect to the exact 
position of the point referred to ; but while it generally lies behind 
the suture named, it may more rarely be situated in front of it (ex. 
Alligator misnsnppiensis, fig. 4) From this point forwards, each 
vomer rapidly tapers and disappears on the upper surface of the 
palatine process of its corresponding maxilla (mx.)^ and with that it 
may become early ankylosed (ex. Crocodilus niloticus). In Caiman 
niger, however, the vomers (vo.', fig. 2) pass on to the middle 
maxillary region (t. e. beyond that [)oint at which these bones 
ordinarily cease altogether in other Crocodilia) before they commence 
to taper ; instead of dwindling away to a pointed extremity, they 
descend, becoming bullate as they do so, and, thrusting them- 
selves between the maxillary bones, terminate as aforesaid within 
the palatal region. These expanded intercalary extremities of the 
vomers (vo,'", fig. 2) may be appropriately termed their palatine lobes. 

The Crocodilia and Hatteria are exceptional among living Reptilia 
in that their " pterygoid bones send forward median processes which 
separate the palatines and reach the vomers " "^ ; an essentially similar 
condition appears to be realized in some Chelonia by the backward 

» Oat Ost Ber. B. Coll. of SurgeonB, voL i. p. 166 (1853). 

' Loc. cit, p. 4. 

» Brit. MuB. Oat. Shield Bept. ii. p. 25 (1872). 

* Vol. X. (iii.) D. 210 (1885). 

* Loc. cit. p. 293. 

* Loc. cit. ]>p. 4-5. 

~ Huxley, Quart. Joum. Oeol. Soc. vol. xxii. p. 426 (l87o\ 
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proloDgatioD of the Tomer \ The pterygoids of the Crocodilia (pt., 
fig. 2) UDite before reaching the yomers to form a gutter-like bed for 
reception of the free edge of the septam nasi (cf. fig. 5), in a manner 
repetitional of that of the Mammalian Tomer. Thej famish, as is 
well known, the median longitudinal partition for the narial pharynx 
(marked /»^. in fig. I), and the rostrum formed by their union bifur- 
cates antero-dorsally to giye attachment to the yomers, while antero- 
▼entrally it tapers off into a delicate spur (* of fig. 1) which enters 
the palatines from behind, and may be traced forwards through their 
substance to the region of the maxillo-palatine suture (s.mp,). 
Setting thb spur aside, the point of termination anteriorly of the 
pterygoid rostrum {pt., fig. 1) is usually coincident with that of 
the post-palatine foramen {f,pL"), In Caiman niger (fig. 1 ) it lies 
well in front of this ; and, as the vomer in that animal extends for- 
wards to an unusual degree, it might appear that there is, so to speak, 
a sympathy or correlation of growth between the two bones. Indica- 
tions of such a correlation are forthcoming on comparison of a series 
of skulls, but examination of a larger number is needed before more 
can be said upon this point. Another and perhaps more significant 
feature arrested my attention, while comparing a series of longitudinal 
sections of skulls of Croeodiluspalusiris and Alligator miBsissippiensis 
of different ages — viz. that the vomer reaches farthest forwards in 
the younger individuals, and that, whereas in the adult Crocodilua 
paluitris the point of anterior termination of the pterygoid rostrum 
(pt.y fig. 1) closely approximates, as has been said (ncprd), to that 
of the post-palatine foramen {f,pV\ in the young (half-grown) 
individual it lies well in front of it. In other words, there is evidence 
to show that daring the early post-embryonic life of the Crocodile 
the vomers and pterygoids grow less rapidly than the adjacent bony 
parts, and become, as it were, shortened up. 



II. Having adduced reason to believe that the Crocodilian vomer 
in all probability undergoes, in ordinary, a process of shortening up 
during early life, the question naturally presents itself whether the 
differences between the vomer of Caiman niger and the other 
short-nosed Crocodilia might not be expressive of degrees of abbre- 
viation of that bone from before backwards ; and if so, whether that 
which I have here termed its palatine lobe (above, p. 149) may not 
represent something which the remaining Crocodilia have lost. I 
have already shown that, among those forms examined by myself, 
Alligator missisnppiemns approximates most nearly to Caiman niger 
in the forward prolongation of its vomer ; and, with this fact in 
mind, I naturally turned to the former animal as most likely to 
yield traces of the missing parts. In this I was not disappointed, 
as the sequel will show ; and my investigation has brought to light 
some facts of unexpected interest. 

Upon first comparison of the skulls of Caiman niger and Alligator 

^ Cf. BouloDger, op. cit, pp. 2, 17. 
[4] 
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nuMMtippietuis (figs. 1 and 2)» the bullate cavitj of the Tomer of the 
former (voJ") might appear to lie within the area of, and indeed to be 
represented bj> the anterior divisions of the maxillary sinus of the 
latter («».)• '^^^ distinctness in the Caiman of the two bones 
named shows, firstly that this cannot be the case, and secondly 
that the extension of the maxilla of Alligator misnsnpiensis into the 
region of the palatine lobe of the yomer of Caiman niger must have 
been one of the changes resulting from the loss of the latter, should 
that have been brought about as supposed. 

The premaxiilo-maxillary sutures of the adult Alligator mtsnsnp- 
piensis meet at all points, and the two pairs of bones form a con- 
joint and complete osseous roof to the mouth. It has, however, 
hitherto escaped notice that matters may be otherwise in the young of 
this species, for the sutures in question may be, in them, interrupted 
by a couple of rounded fenestrfe (fig. 6, /. pL') having the cus- 
tomary relationships of the prepalatine foramina of other Amniota. 
On cutting away, from above, the greater portion of the olfactory 
organ, and then carefully dissecting off the mucous membrane and 
cartilaginous floor ^ of the same in the largest juvenile of Alligator 
misMsippiejuis which I have examined (total length 112 centim.), 
I was surprised to find a couple of smidl sacs (jc, ?, fig. 4) lying 
within the embrace of the prepalatine foramina. Each is a firm and 
resistant structure, invested in a fibro-cartilaginous wall, and con- 
taining a soft (? vascular) lining. I have been unable to trace any 
connection either between the capsules of these sacs and the car- 
tilaginous alae of the olfactory wall, or between their central cavities 
and those of either the mouth or the nose. So far as I have been 
able to examine them, they appear to be to all intents and purposes 
closed vesicles, vestigial in nature. That they correspond in position 
with at least the anterior extremities of, and must be looked upon 
as directly related to, the bullate palatine lobes of the vomers of 
Caiman niger, I hold it to be sufficiently clear ; and it remains now 
to seek the due to the remaining portions of the latter bones. 

On laying bare the nasal organ of any Crocodile from the side, it 
will generally be found, on removing the mucous membrane, that 
the anterior truncated extremity of the vomer is buried in a more or 
less powerful ligament (/^., fig. 4) which runs forwards towards the 
premaxillary region. Among those genera and species which I have 
examined, this ligament is most powerful in OHeolamus tetraapis 
of W. Africa ; in my specimen of that animal it assumes the form 
of an upturned fold or keel, which, as viewed from the side, continues 
forwards as it were the body of the vomer, instead of the more 
general one of a cord-like structure continuous with its tapering 
extremity. This vomerine ligament (Ig,, fig. 4), as already stated, 
may be traced forwards into the premaxillary region ; its fibres 
usually there blend with those of the premaxiilo-maxillary peri- 
osteum, and when (as for ex. in Croeodilus paluetria, fig. 1) a 
*' palatine process ** of the premaxilla (/'.jp.) is present, they may 
be traced to an insertion into that. In the young Alligator missis- 
^ A portion of this is repreeented in situ at ns.f. in fig. 4. 
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iippietuis, in which I found the areae of the pre-^alatine foramioa 
to be occupied by the two small sacs before mentioned (jc, f , fig. 4), 
the fibres of these yomerine ligaments could be traced to a connection 
with both the membranous expansions closing the former and the 
fibro-cartilaginous walls of the latter. The established doctrines of 
morphology and the rules of precedent alike allow us to regard 
these ligaments as the equivalents of the *' missing parts," and to look 
upon them and the sacs of the prepalatine foramina as the yestigial 
remains of the palatine lobes of the vomers of Caiman niger with 
their associated structures. 

I have unfortunately been unable to obtain the head of a Caiman 
niger in spirit ; but inasmuch as in a small C. sclerops of 125 centim. ^ 
I have found pre-palatine foramina to be present in a form identical 
with that of Alligator mississippiensiat the conclusion formulated above 
receives additional support. I find the pre-palatine foramina to be 
present in most, but not all, of the skulls of Alligator mississippienns 
which I have examined smaller than the one afore dealt with in 
detail (total length 112 centim.) ; while in the skulls of two adults 
preserved in the Natural History Museum, which Mr. Boulenger 
has kindly afforded me an opportunity of examining, I find (on the 
left side of the one and the right side of the other) an insignificant 
perforation which may perhaps be a last vestige of the prepalatine 
foramen (?), but this is doubtful. It is clear, from all, that the 
structures possessed by my specimen here figured (figs. 5 and 6) 
when present must disappear with advancing age ; and it has yet 
to be ascertained if their like is not to be found in other allied genera 
and species. 



III. The only structure with which it is j ossible to homologize a 
cartilaginous sac in intimate relationship with the prepalatine fora- 
men of a Keptile is the Organ of Jacobson. This has of late years 
received an exceptional amount of attention. Ley dig has desciibed ' 
its general features and relationships in certain Lacertilia, in that 
masterly manner so peculiarly his own. Its more detailed characters 
and origin have been incidentally dealt with by Born, in the course 
of a series of lengthy monographs ' devoted to a comparative study 
of the nasal chamber and its ducts ; while Solger, Wright, and others * 
have furnished details about it in certain reptilian forms. Concerning 
the CrocodiliOf its absence is everywhere proclaimed ; and Beard, 
who has most recently investigated the facts of its early develop- 
ment, specially states ' that he '* searched for it in Chelonians and 
in embryo Crocodiles, but in vain.'* 

All recent inquiry has rendered it more and more clear that the 

* Tail broken ; meaBurement taken to posterior extremity of cloacal orifice. 

* Die in Deutscbld. lebend. Arten d. Saurior. Tubingen, 1872, pp. 96-99. 
» Morph. Jahrb. Bel. ii. bis, viii. (1877-1883). 

* For a full bibliograpliv with dctuilcd referonccu, sec Beard in Zoolog. 
Jabrb. Bd. iii. pn. 778-780 (188*.)). 

* Loc. cit. p. 772. 
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essential functional constituent of Jacobson's organ is to be regarded 
*' as a highlj specialized portion of the olfactory epithelium " '. 
As it exists among Reptiles it may be defined as a dbtinct sac lying 
(on each side) immediately beneath the anterior portion of the nasal 
chamber, and communicating with the mouth-cavity by means of a 
delicate duct, which arises posteriorly and passes obliquely down- 
wards and forwards, immediately external to the vomer, to reach its 
anterior extremity ^. Examination of any ordinary Lizard will show 
that the organ itself lies immediately above and to the outer side of 
the vomer, and that the point of communication between its duct 
and the mouth lies within the embrace and at the anterior end of 
a fold of mucous membrane common to it and the posterior nostril. 

Jacobson's organ, as is well known, attains its greatest difiPer- 
entiation among Mammals. Its more minute structure has been 
worked out by Klein ', Harvey \ and others ; and a more general 
communication upon it has been recently published by Herzfeld ^, in 
which a classification has been attempted, in accordance with the 
presence or absence of naso-palatine canals and with other leading 
features described. This organ lies, in Mammals, within the embrace 
of a cartilaginous sheath (Jc, fig. 3) derivative of a downgrowth 
(fu.") of the alary cartilage of the nose {ns."), and it is in communi- 
cation with the olfactory chamber by a wide orifice (ej.) which 
overlies the naso-palatine (Stenson's) canal (c.«.). The main body 
of the organ of each side, with its surrounding cartilage, is supported 
upon a scroll-shaped prolongation of the premaxilla (p.m.) usually 
termed its palatine process (p-p-) This passes back and at the 
posterior extremity of the entire organ meets a special lobe of 
the vomer {vo."')x between the latter bone and the supporting 
apparatus of the Jacobson's organ there is invariably an intimate 
relationship. 

Comparison of the Mammal (fig. 3) with the Crocodilian Caiman 
niger (fig. 2) shows that there is a fundamental similarity in position 
between the so-called " palatine process " of the premaxilla in the 
former (p.p.), and that which I have herein termed the palatine lobe 
of the vomer in the latter {voJ"). Albrecht ", Sutton'', and Parker* 
have directed attention to the fact that the so-called "palatine 
process ''of the Mammalia may be distinct in origin from the body 
of the premaxilla with which it ankyloses. I have long been 
suspicious of a similarly distinct origin of the same for the Common 
Rabbit (Lepus euniculus) here figured ; and my pupil, Mr. R. H. 
Bume, who, at my request, has looked into the matter, has shown 
me that such is the case in embryos measuring 8 centim. in length. 
Parker has described the vomer of certain Edentata, Inaectwora^ 

^ Bamsay Wright, Zoolog. Anzeiger, 1883, p. 393. 

' Of. Leydig, op. cU. pp. 96, 99, and pi. viii. 

' Quart. Joum. Micr. Sci. n. b. voL zd. pp. 219 & 549 (1881). 

* Ibid. voL xxii. p. 60 (1882). 

" Zoolog. Jahrb. Bd. iii. p. 551 (1889). 

* Corresp. deatfloh. anthrop. QeseUBch. Miinchon, 1883, no. 11, p. 170. 
' P. Z. 8. 1884, p. 566. 

» PhU. Tr. pt. i. 1885, pp. 1-275. 
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and Marsupialia as consisting, in the young animal, of a series of 
distinct elements, for the most part paired, which he asserted ^ may 
be (Cuseus) as many as ten in number. Sutton, following in the 
same wake, has proposed to homologize the *' prepalatine " centre of 
the mammalian maxilla with the vomer of the lekihyopsida, and to 
interpret the Tomer of the former as the parasphenoid of the Utter. 
He relies chiefly upon discoveries of Albrecht's, which have been 
shown by Sir W. Turner' to be of exclusively pathological interest ; 
and, even were this not so, the subsequent researches of Parker are, 
in themselves, sufficient to show that his conclusions will not stand 
the test of further inquiry (ef, tn/rd), The joint observations of 
these three observers, however, testify to a feeling of doubt as to the 
exact homologies of those bones lying about the base of the septum 
nasi and its immediately adjacent structures. 

The vomer of the Ichthyopsida and lower Amniota, be it paired or 
single, is invariably a non-repetitional bone lying immediately behind 
the premaxilla ; and there is considerable evidence to show that the 
apparently " single vomer ** of some of these animals really represents 
the pair so often present, in a confluent condition. When, in accom- 
modation to the enlarging olfactory orean and the posterior nares, this 
bone becomes shifted backwards or laterally expanded, its anterior 
extremity generally remains true to its relationship with the pre- 
maxilla. It is necessary to stand firmly upon these facts in dealing 
with the question now in hand. 

Parker's observations show, among other things, that there is no 
constancy of position and extent of the apparently single portion of 
the vomer of young mammals. They thereoy completely undermine 
the older conception of that bone, based upon analogy to the adult 
man, which regarded it as a median element. They suggest, with 
much forcibility, that we may the more reasonably look upon the 
mammalian vomer in all its variations as morphologicaUy paired, 
and that the argument deduced above from the study of the vomers 
of the Ichthyopsida and lower Amniota may apply throughout. 
With this Sutton's second conclusion above cited must remain 
in abeyance. 

Chief among the supernumerary elements which Parker has de- 
scribed as giving origin to the Mammalian vomers, together with the 
palatine processes of the premaxillsB, are certain bilaterally sym- 
metrical ossicles to which he applies the terms "anterior" and 
"posterior paired vomers." Critical examination of his mono- 
graph will snow that he has in all probability described the same 
elements in some embryos as "posterior paired vomers," and in 
others as '* ethmo-turbinals ; " ana further investigation must show 
whether he has, as I believe, or has not confused the two with each 
other, if with nothing else. Concerning his " anterior paired vomers," 
however, there is less, if any, room for doubt. He has shown that 
these, together with the " piuatine processes " of the premaxillee, may 
arise early, before the full differentiation of the bodies of the pre- 

^ Loc. eit. pp. 270-271. 

* Joum. Anat. & Phys. toL xix. p. Id8 (1886). 
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maxillfle is effected. He aflserts that in some of the fonns he 
oamined be regarded the anterior paired Yomers as the sole repre- 
sentatiyes of the palatine processes of the premaxillsB. In describing 
some embryos, his language is only to be so construed as to show 
that he regarded the latter as representing {Erinaceus, p. 149, Talpct^ 
p. 179, GaUopitheeus, p. 253) a fusion of true palatine spurs of 
the premazillee with his anterior paired vomers so often alluded to. 
In having declared that in the Mole the ^' anterior paired vomers . . . 
are slightly separated from the palatine processes of the pre- 
maxillaries" (ioe.eit, p. 106), that in the same animal the ''antero- 
lateral vomers . . . have a very temporary and doubtful existence 
independent of these processes of the premaxillaries ** (p. 179), and 
that while the palatine processes of the premaxillaries of the Shrew 
in having '* no separate antero-lateral vomer attached to them '' have 
" the same deficiency " as the Mole (p. 200), he has both involved 
himself in a contradiction and shown that he was unable to draw a 
sharp distinction between the palatine processes of tbe premaxillas 
and his anterior paired (or lateral) vomers. The salient conclusions 
which arise out of Parker's investigation are (ce) that we can no 
longer regard those structures ordinarily described among mammals 
as "palatine processes of the premaxillaB" as throughout homolo- 
gous ; and (/3) that the latter are, in a number of cases, no parts of 
the premaxillae at all, but rather referable to the vomerine category. 
In bis discovery of the complex nature of the (non-pathological) 
premaxilla of mammals Parker is at one with Albrecht, who has 
shown that there is reason for regarding the premaxillae of the adult 
Omithorhynchus as a combination of distinct elements \ 

All those mammals for which Parker has recorded the presence 
of " anterior paired vomers '' are long-nosed '. Comparison of the 
skuUs of tbe adults with those of the young, as figured by him, 
will show that while the bones in question may in some cases 
pass over to the true vomers, they more generally remain exclusively 
related to Jacobson's organ, which they ensheath in the form of the 
so-called premaxillary palatine processes, and their products of 
fusion and metamorphosis lie, for the most part, within the area of 
the latter as ordinarily described— occupy, that is to say, that of the 
palatine lobe of Caiman niger (yo"\ fig. 2), in which the present 
inquiry finds its focus. Putting all together, nothing is clearer than 
that the vomers and palatine processes of the premaxillaries, which 
have been, I take it, sufficiently shown to be serial elements of a 
common category, lie collectively within the area of the vomers of 
the lower Amniota on one hand, and of the Crocodilian Caiman niger 
on the other. CuUating these facts with those before recapitulated 
concerning the non-duplication and fundamental relationships of the 
vomers in the lower Vertebrate, we may most reasonably conclude 
that the bones referred to as anterior paired vomers and palatine 
processes have ** become separate by absorption" (most probably 

^ Anat. SchriOen, Hamburg & Leipzig, Op. 31, 1883. 

' CetUetes, Cycloikunis, Erinaceua, GaleopUhccus, Manifi, Orycternpus. Hhyn- 
chocyon, Sorac^ Talpa, Taiusia. 
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under elongation of the snout, with its accompanying specialization) 
in the manner suggested by Parker himself for the *' inter-palatines " 
of Tarsipes \ 



IV. The foregoing considerations justify us in regarding the 
palatine process of the mammalian premaxilla, which, be it 
remembered, ensheaths the organ of Jacobson, and the palatine lobe 
of the vomer of Caiman niger as, at least provisionally, one and the 
same element ; and it is necessary now to turn to the latter, by way 
of inquiring how far its inner capsule may or may not be found to 
agree with that of the organ named. 

There can be now no doubt that that structure sometimes referred 
to in the Amphibia as an organ of Jacobson is a maxillary sinus, 
non-homologous with the Jacobson's organ of the higher Ver- 
tebrata. The latter exists, in that which the known facts of de- 
velopment show to be most nearly its original form, among the 
Lacertilia. Its general relationships in these animals have been 
already described (above, p. 153). That the naso-palatine canal of 
the quadrupedal mammals (c.f., fig. 3) is the representative of the 
closed duct of the Lizards can hardly be doubted, on comparison of 
the two types ; it has been shown by Herzfeld to be regularly 
absent in some mammals, while the aperture of communication 
between the body of Jacobson's organ and the floor of the nasal 
chamber {a.jjy fig. 3), met with in most mammals, is unrepresented in 
reptiles. On a survey of the known facts, I incline to the belief that 
the development of the last-named orifice is to be correlated with the 
loss of communication between the naso-palatitie duct and the body of 
the organ, and that its appearance may have led up to that suppression 
of the duct in question seen in some forms (ex. Equus% Be this 
supposition worth what it may, the accepted principles of mor- 
phology forbid our looking upon the Jacobson's organs of Reptiles 
and Mammals as in any way distinct. 

The vomerine bulla of Caiman niger (vo.'", figs. 2 and 5) occupies 
an essentially similar position to the body of Jacobson's organ in both 
Mammals and Reptiles. Its aperture of communication with the 
nasal pharynx lies, like that of the duct of the Jacobson's organ in 
the Lizards (and less conspicuously, but no less surely, like that of 
mammals), within the area of the true posterior nostril. As I have 
been unable to examine a spirit-preserved head I am not in position 
to state whether, as seems not unlikely, a tubular duct may have 
arisen at this point or not. While, however, I have been unable to 
detect in any other Crocodile the entrance thereabouts of any nerve 
or blood-vessel such as might conceivably have been transmitted by it, 
sufficient of the dried remains of its lining membrane was present to 
enable me to assert, with assurance, that it contained a prolongation 
of the olfactory mucous membrane. This being so, its orifice might 
be not inaptly compared either to that of the Jacobson's organ of a 

1 Stud. Mu8. rniT. Coll. Dundee, vol. i. p. 80 (1800). 
^ Herifcld, /oc. cit. p. 5.^1. 
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Lizard in a backwardly displaced position, such as it might have 
come to assume under changes incident on the elongation of the 
snout, or to that of communication hetween the hodj of this organ 
and its duct — the latter having presumably disappeared. 

From the foregoing facts and considerations, the conclusion seems, 
to me, inevitable that those animals from which both Crocodilia 
and Mammals have descended must have possessed, among other 
things, a vomer which met the pterygoids behind, and, like that of 
the Ichthyopsida and lower Amniota, extended to the premaxillary 
region in front, — in a word, the vomer of the living Hatteria, Born 
has shown ^ that the Jaccroson's organ of the Lacertilia is largely 
supported upon the vomer ; did that bone completely enclose it, a 
condition of the parts essentially like that of the buUate palatine lobe 
of Caiman niger would result. Klein has shown ' that whereas in 
the Rabbit the cartilaginous sheath of Jacobson's organ (/c, fig. 3) 
is a complete tube and its bony sheath an incomplete one, in the 
Guinea-pig the latter tends to form " an almost complete capsule '* 
anteriorly. In this, the palatine process of the premaxilla of the 
mammal, assuming its apparent vomerine homology, clearly approx- 
imates towards the condition of the palatine lobe of the vomer of 
Caiman niger. 

Putting the foregoing facts and considerations together, the 
probability that the vomer of Caiman niger may lodge a (perhaps 
modified) Jacobson's organ becomes very great indeed ; especially if, 
as is sometimes stated, that organ may ' '' degenerate into a mere 
air-sinus." 

I am fully alive to the possibility that, on the grounds laid down 
by Parker, the vomer of Caiman niger may be perhaps a compound 
structure. I should be exceedingly grateful to anyone who would 
procure me well-preserved heads of this animal, old and young, 
for the further elucidation of the questions raised. 

If the characters and relationships of the vomer are to be taken as 
criteria of affinity, I need hardly point out that the facts herein dealt 
with indicate that the short-snouted Alligators, as represented by 
Caiman niger, must be considered to be the least modified of living 
Emydosauria, — the prevailing view to the contrary notwithstanding. 



y. The Crocodilian premaxilla (p.m., ^g, 1) often bears that 
which might at first sight be taken to represent a palatine process 
(p.p.) ; and the existence of this spur of bone appears to have been 
generally overlooked. It is very variable in its individual deve- 
lopement, and my own skulls of Crocodilus palustris show that it 
increases in length with advancing age. It is absent in Caiman 
niger ; and, when present in other forms, it invariably overlies the 
maxilla as represented in fig. 1. These facts, in conjunction with 

» Op. cif. Bd. V. 

* Iaic. fit. pp. 554-5r»5. 

» Wioclorsheiiii, Lebrb. d. vergl. Anat., Aufl. 2, p. 400 (1886). 
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those already described (antej p. 151) concemiog its relationsbip to 
the Yomerine ligament (Ig.^ fig. 4), show it to be a secondaiy 
outgrowth, arising in correjation with the shortening up of the vomer, 
and haying little, if anything, to do with the puatine process as 
ordinarily understood. 



VI. Parker, in his monomph on the development of the skull in 
the Crocodilia, described ^ the early differentiation of a basi-mandi- 
bular cartilage, such as he had previously encountered * in the embryo 
of Chelone viridis. He states, on the authority of Prof. C. Stewart, 
of the R. College of Surgeons, that iu the embryo Crocodile the 
conjugated distal ends of the mandibles (Meckel's cartilages) become 
dilated. My friend Mr. Boulenger has recently called attention in 
these ' Proceedings" to the existence of a small bone in the mandi- 
bular symphysis of Heloderma; and he inclines towards asso- 
ciating it with the mento-Meckelian bones, well known to occur 
in the living Anura. The latter (m,m,, fig. 8) arise as ossifications 
of the Meckelian cartilages, and the distal ends of those rods gene- 
rally unite, in these animals, to form a prominent mass which 
may exactly correspond to the symphysial cartilage of Stewart. I 
have long been familiar with the fact that in some Anura (ex. Hyla 
carulea, fig. 8) this (m.6.) may become segmented off in the manner 
of the basal cartilages of the postoral visceral arches of the lower 
Ichthyopsida, and of the cartilage described by Parker in the young 
embryos of Crocodilus and Chelone ; it would therefore appear to be 
altogether independent of the mento-Meckelian bones. 

The existence of this *' basi-mandibular '' element of the mandi- 
bular arch is not without interest, in view of the belief in the serial 
homology between the latter and the postoral skeletal arches *. 



During this investigation I have had the good fortune to have been 
repeatedly in conference with my friend Mr. Boulenger ; and my best 
thanks are due to him for having, by his valuable assistance and 
advice, rendered my task, in itself pleasurable, doubly so. 

EXPLANATION OF PLATE XIV. 

Fig. L Crocodilus palfutris. Median longitudinal section through nasal region 

of dried skuU. OM-third not. size,' 
Fig. 2. Caiman ni^er, dried skull. A Bimilar section to fig. 1, cut to the right 

of the middle line. One-third nat. size. 
Fig. 3. Jjepus cuniculus. Dissection of inner portion of olfactory capsule of left 

side ; to show the vomer and other supporting elements, in relation to 

the organ of Jacohson. Twice not. size, 

1 Trans. Z. S. vol. xi. p. 280 (1883). 

2 Challenger Rep. Zool. vol. i. pt. 6, p. 20 (1880). 
» Above, p. 111. 

* Cf, Huxley, Journ. Anat. and Phys. vol. x. pp. 421 & 427 (1876) ; and 
Parker, op. cU. White has rei^oiitly rec^^rdod the cxmtouoc of a basi-mandi bular 
cartilage in Lamargua (Anat. Anz. 1890, p. 2()0). 
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Fig. 4. Alligator miaiissippienns, juv. of 1 12 centim. total length. Floor of olfac- 
tory chamber, as seen from above, afLer the remoyal of the olfactory 
mucous membrane and the underlying cartilaginous floor of tho 
ol&ctory capsule. (A portion of the latter, which was left in position, 
is indicated at nsj,) Niai. size. 

Fig. 5. Caiman niger. Clomparison dissection to fig. 4 ; dried skull only. One- 
third not size. 

Fig. 6. Alligator missimppienaie^Juv, Preraaxillo-maxillary suture with parts 
adjacent, Tentral aspect Three times not. size. 

Fig. 7. Caiman niger. Premazillo-maxillary suture with adjacent parts, for 
comparison with fig. 6. Ventral aspect One-half not. size. 

Fig. 8. Hyia camlea. ^ndibular sympnysis, with related stniptures. 
Anterior aspect. Three times not. size. 
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THE EVOLUTION OF MAMMALIAN MOLARS TO AND FROM 
THE TRITUBERCULAR TYPE.* 

BY HENRY FAIRFIELD OSBORN. 
(From the American Naturalist, December, 1888.) 

THE dentition in the recent Mammalia is so diverse that the most 
sanguine evohitionist of fifteen years ago could not have antic- 
ipated the discovery of a common type of molar, in both jaws, aa 
universal among the MammaUa of an early period as the pentadactyle 
foot, and as central in its capacity for development into the widely 
specialized recent types. 

The tritubercular molar, discovered by Professor Cope in the 
Puerco, is exactly such a type, and may be considered with the 
pentadactyle foot as playing a somewhat analogous r6le in mamma- 
lian history, witli this imi)ortant difference — ^the unmodified penta- 
dactyle foot was probably inherited direct from the reptiles, and its 
subsec^uent evolution, with a few exceptions, has been in the direc- 
tion of the greater or less reduction of })rimitive elements towards 
special adaptation, as, to borrow an extreme illustration, in the 
traiLsition fi-om Phenacodus with 26 elements in the manus to Equvs 
with only 12 such elements. On the other hand, the tritubercular tooth 
was not inherited, but in all prol)ability developed within the mam- 
malian stock, from a hyix)thetical form with almost, if not quite 
simple conical molars, implanted by single fangs, in a nearly homo- 
dont series.' No such primitive type of mammalian dentition is 
actually known, although Droniotheriiim approximates it; but the 
apparent reversion to this type among the Cetcicea, and apparent 'reten- 
tion of it in the Edentata,^ support all the independent evidence upon 
this point derived fi"om the Mesozoic Maimnals. The principle of 
growth was the regular addition of new parts to the simple cone, not 
at random, but according to a certain definite order which apparently 

1 Kead in the geological section of the British Association at Bath, Septemher, 
1888. Read in abstract by Prof. Cope, National Academy of Sciences, at New 
Haven, Nov., 1888. 

' See Author, *< Structure and Classification of the Mesozoic Mammalia." Jour. 
Phila. Academy, 1888, p. 240. 

•See Oldfleld Thomas, "The Homologies and Succession of the Teeth in the. 
Dasyuridffi." Phil. Trans., 1887, p. 458. 
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progressed independently in different phyla, through a series of sub- 
tritubercular stages until tritubereuly * was attained. 

The tritubercular molar consists essentially of three cusps, forming 
what may be called the primitive triangle, so disposed that the upper 
and lower molars alternate. This, when attained, formed a central 
stage from which the great majority of recent molar types have 
diverged by the addition, modification and reduction of cusps ; we 
must except the Monotremes, the Edentates, and possibly tlie Ceta- 
ceans, although there is considerable evidence that the cetacean 
molars were once of the triconodont type.* Among extinct orders, 
the Multituberculata {Plagiaulaxj Triiyhdon, etc.) must also be except- 
ed from this series and discussion. 

The almost universal predominance of tritubereuly in the early 
geological periods, is very significant of the uniformity of molar origin. 
Of twenty known Mesozoic genera,' all except three* show trituber- 
euly in some of its stages. In the Lower Eocene, eighty-two Puerco 
species, representing twenty-six genera and five orders (Creodonta, 
Tillodontia, Lemuroidea, Condylarthra, Arablypoda,) only four species 
have quadritubercular teeth, all the remainder are tritubercular.* 
Prof. Riitimeyer has recently pointed out the predominance of this 
type in the nearly parallel Egerkingen beds. The contemporary 
Cemaysien fauna in tlie collection of Dr. Lempine at Rheims, recently 
examined by the writer, shows exclusively tritubercular molars or 
their derivatives. By the Middle Eocene, the lines of divergence 
towards the existing types of molars were well advanced, but tritu- 
bereuly persisted in the dentition of several orders, in which it is 
found to-day (Lemuroidea, Insectivora, Camivora, and many Mar- 
supialia). 

* A term first employed by Riitimeyer, " Ueber Einige Beziehungen zwischen 
den Saugethierstammen Alter und Neuer Welt." Abh. d. sohweiz. pal. Qesellfich., 
Vol. XV., 1888, p. 54. 

•See Brandt, "Die Fossilen u. Subfoss. Cetaceen Europas." Taf. XXXII., 
figs. 4-9. 

'The list given by the writer (op. cit, p. 247) is found to contain several 
synonyms. See "Additional observations upon the Structure and Classification of 
the Mesozoic Mammalia," Proc. Phila. Acad., Nov., 1888, p. 292. 

* Dicrocynodon (Diplooynodon,) Docodon, Enneodon, Marsh. 

*Cope, "Synopsis of the Vertebrate Fauna of the Puerco Series," Am. Phil. 
Soc., 1888, p. 298. 
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It follows that it is quite as essential for the coDiparative aiiatoiiiist 
to thoroughly grasp the meaning and history of each of the compo- 
nent cusps of the tritubercular molar and of their derivatives, as it is 
to perfectly understand the elements of the manus and pes. For, 
the homologies of the cusps can now be determined ahnost as certainly 
as those of the digits. Take a human molar, for example, every 
component tubercle has ita pedigree, and it can be demonstrated, 
almost beyond a doubt, which of these tubercles is homologous with 
the single reptilian cone. The writer recently (op. cit., p. 242) pro- 
posed the adoption of a distinct nomenclature for the different cusps 
of the tritubercular molar, and offered a series of terms for the 
primary cusps based as far as possible upon the prmiitive position 
and order of development, and in most instances in accord with their 
secondary position. This nomenclature can be extended to the 
secondary cusps in the sextu])ercular superior, and quinquetubercular 
inferior molars. The terms now in general use are based, for the 
most part, upon the secondary or acc^uired position, and in no instance 
upon the homologies of the cusps in the upper and lower molars, or 
even in corresponding molars of different genera, thus involving 
much confiision. For example, the antero-internal cusp of the lower 
molar of Miodaenu^ is not homologous with the antero-internal cusp 
of HyopsoduSy nor with the anterorintemal cusps of the upper molar 
of either genus. 

The present contribution is baaed principally upon the writer's 
studies among the Mesozoic Mammalia, and, with some additions, 
upon Prof. Cope's numerous essays upon the tritubercular type in the 
Tertiary Mammalia.' 

Four propositions may be laid down for discussion : — 

(1.) That trituberculy was acquired during the Mesozoic period, 
in a series of stages beginning with the single cone and attaining to 
the primitive sectorial type in the Jurassic period. 

' Professor Cope's essays abound with discussions and notes upon the origin and 
succession of the tritubercular type. (See coUection, in *' Origin of the Fittest ".) 
He has outlined the transition from the single cone to the tritubercular crown (p. 847) ; 
tubercular sectorial, (p. 246) ; the quadri tubercular type (p. 246 and p. 359) ; the Spala^ 
eoihenum molars as a transition to the tAiuhercidar (p. 259). The acquisition of the 
superior and inferior quadritubercular molar (p. 861.) The prediction of the dis- 
covery of Camivora with triconodont molars (p. 865), and of the simple tritubercular 
type in both jaws (p. 862). 
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(2) The majority of Mesozoic mammals showed trituberculy in 
some of its stages. Present evidence goes to show that the remaining, 
or aberrant types, if such existed, did not persist. The majority of 
the j)er8isting forms of later periods were derived from the forms with 
simple tritubercular molars, of earlier periods. It follows that tritu- 
berculy was an important factor in survival. 

(3) The definite homologies of the primary and to some degree of 
the secondary cfusps in the upper and lower molars can be established. 

(4) The mode of succession of tooth forms favors the kinetogenesis 
theory advanced by Ryder and Cope. 

There are three general observations to be made: — 

Firnt. — In attempting to complete tlie history of each of the cusps, 
we naturally find that the pala^ontological record is not suflTiciently 
l)erfect to adiuit of our foUowhig a certain type along a single phylum 
back to the ])rimitive type. We must at the outset proceed upon the 
principle of similar effects, similar causes. For example, since the 
history of the development of the intermediate tubercles in the 
su))erior molars of the Lemuroidea ( Pseud olemuroidea, Schlosser) is 
perfw^tly clear during the Wiisat/ch and Bridger epochs — it is safe to 
infer that the intermediate tul)ercles of the Ungulate molars, which 
are fully developed in the underlying Puerco, had the same history. 
Second. — There are in each period aberrant types which embrace either 
incom))lete or degenerate tritubercular stages, i, f., a high specializa- 
tion in which the past record is obliterated, or, finally, stages in non- 
tritubercular lines of development. Third. — In the parallel evolution 
of trituberculy hi different phyla we find that the progression is by 
no means uniform. In every geological period in which the fauna 
is well known we observe j/rogresfdve genera which outstrip the others 
in reaching a certain stage of molar development, contrasted with 
permte7it types which represent arrested lower stages of development, 
while between them are the central types which represent the degree of 
evolution attained by the majority of genera. The latter may be 
said to constitute the stage which is characteristic of the period. 

The stages of tntubcrculy may now be defined as seen in different 
types in their order of succession : — 
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I. HaplodotU Type (Cope.)" A simple conical crown. The fang 
usually single and not distinguished from the crown. This type has 
not as yet been discovered among the primitive Mammalia. 

A. Protodont Sub-Tyi)e.* The crown with one main cone, and 
lateral accessory cuspules ; the fang grooved. There is some question 
as to the advantage of distinguishing this as a type, for it stands inter- 
mediate between types I. and III. Example, Dronwtherium of the 
American Triassic. 

II. Tinmnodoni Type (Osborn, op. cit., p. 242.) The crown elongate, 
trifid, with one central cone and two distinct lateral cones. The fang 
double. Example, Trlconodon, 

III. TrUubercidiir (Cope.)* The crown triangular, surmounted by 
three main cusi>s, the central cone placed internally in the upper 
molars and externally in the lower molars. Exam])le, the lower 
molars of Spalacotherium and Asthenodon, This type is rare in its 
primitive condition as al)ove defined. 

The upper and lower molars are alike in types I. and II. ; in type 
III. they have a similar pattern but with the arrangement of the 
homologous cusps reversed. These typas are all primitive. In 
the following sub-types, the primitive triangle forms the main 
portion of the crown, to which other " secondary " cusps are 
added, the homologies of which in the upper and lower molars 
are somewhat doubtful. Parallel and with an intimate relation 
to the addition of the secondary cusps, is the division of the 
tritubercular into a secodont and bunodont series, according to 
the assumption of a purely cutting or crushing function. In 
departing from the primitive type, the upper and lower molars 
diverge in structure, and the homologies of the secondary cusps 
in each are somewhat doubtful. 

IjOWEr molars. 

A. Tubercular Sectorial, Sub-type (Cope.) «. The primitive triangle 

' " The Homologies and Origin of the types of Molar Teeth in the Mammalia 
Educabilia. " Journ. Phila. Acad., 1874. The term Homodont was previously 
applied to this type by Riitimeyer, '* Odonto^raphie der Hufthiore, etc." Verh. d. 
Naturforsch, Oesellsch. in Basel, Band. III., 1803, p. of^B. In the writer's opinion 
this term has acquired a special significance tus applied to a whole series of teeth, 
viz., the reverse of " heterodont,'' and may well be retained in this sense. 

' Osborn, op. cit, p. 222. 
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elevated and its cuflfm connected by cutting creste ; a low pos- 
terior heel. b. This t}q)e em braces a qmnqnetvbercular form in 
which the heel consists of two cusps, an internal and externaL' 
r. In the Bunodont series it develops into the quadritabercidar 
form, by the loss of one of the primitive cusps. 

IJPI'KK MOLARS. 

B. Tnivhercular. a. The primitive triangle in the secodont series 
purely tricuspid, h. This embracer a (jainqnetubercidar form in 
which ^'intermediate" tul)ercles are developed, >)oth in the 
Secodont and Bunodont series, r. In the Bunodont series a 
jiostero-internal cusp is addcnl, forming the sextv.bercuhr molar. 
NoMENcL-XTiRK OF THE (-isi's — As abovc Stated, there is no doubt 
about the homologies of tlie three "primary" cus])s (protocone, 
paracone, metacone) in the upper and lower molars. They may 
l)e given the same terms, with the arbitrary suffix id, to distin- 
guish the lower cusps. The first " secondary " cus})S (hyf)ocone, 
hyi)oconid), which are addcxl to the U}>per and lower molars of 
the primitive triangle, modify the crown from a triangular to a 
quadrangular shape, and hence may be considered homologous. 
The tliree additional secondary cusps (i)rotoconule, metaconule, 
cutoconid) evident!}' have no homology with each other. 

Tkrms now in rsK. Proposbd Tkrm.s.* Abbrev. 

Upper Molars. 

Antero-intenial ciisp, Protucone. pr. 

Postero- " " or Gth cusp, Hypocone. hy. 

Anten)-exU'rnttl " Panicone. pa. 

Postero- *• " Metacone. me. 

Anterior Intoimediate cusp, Protoconule. pi. 

Posterior " " Metaconule. ml. 

Lower Molars. 

Antero-oxternal cusj), Protoeonid. pr*. 

Postero- *' " Hypoconid. hy*. 

Antero-intemal cusp, or 6th cusp, Paraconid. pa**. 

Intermediate or antero-internal cusp (in quadritu- 

bercular molars), Metaconid. me*. 

Postero-internal cusp, Entoconid. en*. 

Evolution of the Cfnips. The cusp evolution in the Mesozoic period 
has been fully discussed by the writer (op. cit., })p. 24(M) and in the 
^ American Naturalist, April, 1883, p. 407. 

* I am much indebted to my colleat^uos Professors Macloskie and Winans for 
assistance in the selection of these tenns. 
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Fig. 1. — Molar teeth of Mesozoic Mammalfa. 

Fig. 2.— Molars of opposite jaws in normal mutual relation. 



G2^ 




Digitized by 



Google 



EXPLANATION OF PLATE XXV. 



FiGXTRB 1.— Molar teeth of Mesozoic Mammalia, Triconodont Type: /, 
Dromotherium ; g^ Microconodon ; Sj Amphilestes ; ^, Phascolotherium ; 5, 
Triconodon. Tritubercular Type : 6, Peralestes ; 7, Spalacotherium ; 10, 
Asthenodon. Tubercular-Sectorial Type : ^, Amphitherium ; 9, Peramus ; ii, 
Dryolestes; Ig, IS, Amblotherium ; i^, Achyrodon; 16, Kurtodon. All are 
inferior molars, except figures 6 and 15. 

Figure 2. — Plan of molari of oppoeite jawS) viewed from the outer side, and 
supeiposed in normal mutual relation : i, Delphinus ; 18, Dromotherium ; 3, 
Triconodon; 4, Peralestes and Spalacotherium ; 5, Didymictis; 6, Mioclaenus; 
7, Hyopsodufl. 
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Tertiary period, by Professor Cope, so that only a brief resume is 
necessary here. In Dromotherium (fig. 1), from the upper Triassic, 
the oldest mammalian type known, with the exception of MicroUates^ 
the molars have a main protoconid with several minute lateral cusp- 
ules, differing in size in the different teeth, but in general giving a trifid 
appearance to the crown. The molars of the contemporary Microcon- 
odon (fig. 2) also have unpaired fangs, but distinctly trifid crowns, 
with the anterior and the posterior cusps, or para- and metaconids, 
upon the slopes of the protoconid. This Triconodont type reappears, 
with the addition of a cingulum and paired fangs, in AmphUestes (fig. 
3) and Phaacolotheriuin (fig. 4) of the .lower Jurassic and persists in 
TricoTwdon (fig. 5) of the upper Jurassic. In this succession we ob- 
serve especially the relative subsidence of the protoconid and upgrowth 
of the para- and metaconids. Contemporary with AmphiUstes is the 
classical genus Amphitherium (fig 8). A recent examination of the 
type specimen by the writer revealed the very interesting fact that the 
molars of this genus are probably of the primitive tubercular-sec- 
torial type — ^the oldest known example. Only the paraconid, metaconid 
and hypoconid have been observed heretofore, but one can see the 
tip of the main external cusp between the internal pair. This pattern 
is repeated, with a considerable elevation of the heel, in Peramm (fig. 
9,) of the upper Jurassic' Neither of the two foregoing are of the 
primitive heelless tritubercular type which is apparently found in 
Spalacotherium (figs. 6, 7), also upper Jurassic, and in the nearly rela- 
ted if not synonymous Peralestes, Plate XXV. Contemporary with 
the above, are numerous genera of the Styhdon order ; among these, 
Asihenodon is of the primitive tritubercular type without the hypoconid, 
all the remainder present various modifications of the tubercular- 
sectorial. 

This covers our knowledge of trituberculy in the Mesozoic period. 
No bunodont forms are known — ^they were probably developed during 
the Cretaceous, for a few are found well developed in the Puerco. In 
the Secodont series many of the types do not widely depart firom 
those seen in the Jurassic, but the Bunodont series are universally 
characterized by the initial or advanced development of the proto- 

> This genus includes also Leptocladiis dubius Owen, and Spain rot he rium minu^ 
Owen. See Proc. Phila. Acad., Nov., 1888, p. 292. 
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and metaconuleH in the upper molars and the appearance of the 
entocoaid upon the inner side of the hypoconid below. 

The princixtles governing cu^ develojfment. — It is remarkable to note 
in liow many i)articulan? the actual Bucceseion of molar development 
in the Mesozoic period coincides with the theoretical scheme of origin 
of trituberculy i)ropo8ed by Cope^ and supported by Wortman' 
several years ago. At that time Spalaiotherium and the genera now 
embraced under the Tnconodoniid^ were the only Mesozoic mammals 
whose molar structure was fully known, and the views of these authors 
were partly si)tjculative and partly deductive from recent' dental 
anatomy. 

Two hypotheses may be advanced to explain the evolution of the 
tritubercular type. The first is that the type has been acquired by 
the selection of accidental variations in the production of new cusps 
and modellmg of old ones. The second is, that the interaction of the 
upper and lower molars in the movements of the jaws has resulted 
in local increase of growth at certjiin points, resulting first in new 
cusps, then in a change of position and of form in the cusps. Both 
hyi)otheses are open to numerous objections and are by no means 
mutually exclusive, but the whole subject is so complicated as to 
require a sej)arate treatment. The balance of evidence in tritubercu- 
lar evolution seems to favor the second or kinetogenesis theory— as 
apparently witnesscxl in two laws of cusp development : 

I. The primary cusps first appear as cusi)ules, or minute cones, at 
the first points of contact between theui>pcr and lower molars in the 
vertical motions of the jaws. 

II. The modelling of the cusps into new forms, and the acquisition 
of secondary position, is a concomitant of interference in the horizon- 
tal motions of the jaws. 

The swond law applies especially to the evolution of the molars 
after the acquisition of the tritubercular stage, and has been ably 
proposed tmd supported by Ryder,^ principally in its application to 

1 "The Evolution of the Vortehrata Progressive and R<jtrogressive," American 
Naturalist, April, 188o, p. 350. 

« " The Comparative Anatomy of the Teeth of the Vertebrata," 1886, p. 418. 

•"On the Mechanical Genesis of Tooth Forms." Proc. Phila. Acad., 1878, p. 
45. 
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recent tyi>es of teeth. The first, although not heretofore distinctly 
formulated, is partly founded upon facts and principles advanced by 
Cope, and applies chiefly to the stages which have been discussed in 
this essay. 

During the Homodont mammalian or sub-mammalian molar stage, 
the jaws were probably isognathous and the simple cones alternated 
as in the Delphinidae (fig. 2*). The first additions to the protocone ap- 
peared upon its anterior and posterior, surfaces* The growth of the 
para- and metaconids 44tv61ved anispgnathLs^,\for we find in the 
later triconodonts that the lower molars closed inside of the upper 
(Triconodon, fig. 2*). There fire several tranjsitioii fft'rms such as Tino- 
dmi and Menacodon between the primitive triopnodont type and 
Spalacotherium, and it has been assumed by Cope and the writer (op. 
cit., p. 243) that the para- and metaconids were first formed upon the 
anterior and posterior slopes of the protoconid and then rotated 
inwards, but it is also possible that they were originally formed upon 
the inner slopes. In the complemental formation of the upper and 
lower triangles the jaws remained nearly isognathous (fig. 2*). There 
is no evidence as to the origin of the hypoconid, which as a rule pre- 
cede<l the hypoconc, as it was developed very early. In the Stylaco' 
donlidve^ PhaHcoledetf, Amblotherimn, etc., the crowns rapidly increased 
in transverse diameter (fig. 1") and, in some genera, they (Kurtodon, 
(fig. 1") so far lost the tritubercular aspect that, but for the connect- 
ing form Asthenodoix (fig. 1*°), we might hesitate to place them in this 
series. The key to the further evolution of the crown is seen in the 
bunodont series during the lower Eocene period. 

The superposition of the lower and upper molar patterns brings out 
many interesting facts. First, even in the complex crowns of the 
bunodont molars the primitive triangles retain their primitive alter- 

* As employed by Ryder (op. cit., p. 45):" '' So as not only to indicate respectively 
parity and disparity in transverse diameter of the crowna of the upper and lower 
molars, but also the parity or disparity in width transversely, from outside to out- 
side, etc. 

It is clear that in the homodont condtion, with the teeth simply piercing the food, 
the greatest comminution (of the food) is effected by isognathism ; in the triconodont 
stage, the jaws must be anisognathous to close upon each other, but the tritubercular 
stage admits a return to isognathism by the alternation of the triangles. 
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nating arrangement. Second, the jaws are somewhat anisognathous. 
Third, in supjxyrt of the first law of cusp development, we observe 

Fio. 3.— DiagmiD of quadritubercular molars of both Jaws in Mormal mutual rela- 
tion ; the superiormolars in double lines ; the inferior in black. 

that the protoconule and metaconule are developed at the points of con- 
tact with the ridges which extend from the hypoconid, and, secondly, 
that the hypocone appears at the point where the paraconid abuts 
against the protocone. It follows from a com parison of numerous species 
of Pelycodus and Miodasnus that as the hypocone develops, the paraconid 
recedes, as first observed by Cope ; a fact diflSicult to reconcile with 
the kinetogenesis theory. In this manner the inferior primitive 
triangle is broken, the upper molars develop into the sextubercular, 
the lower into the quadritubercular type. 

The complemental development of the upper and lower molars in 
the known genera of successive horizons is approximately displayed 
in the subjoined table. The Eocene hst of genera will be greatly 
reduced, especially in the Tritub.-tuberc.-sectorial type, when the 
upper and lower jaws are found associated, and it must be clearly 
understood that the sub-types a, b, c, in this table, are closely related 
by transition forms. In fact, in carnivorous forms, the extreme seco- 
dont and bunodont types are frequently seen side l)y side, as in the 
first and second inferior molars of Dldymlctis, The chief distinction 
between these two series is the greater development of the secondary 
cusps and the almost invariable loss of the paraconid in the latter ; 
this is effected by the broader surfaces of contiict in the bunodont 
crowns. In the secodout series, on the other hand, the development 
of the secondary cusps is subordinated, and the metaconid is almost 
invariably suppressed.* 

» See Cope : " Origin of tho specialized Teeth of the Carnivora." Am. Natural- 
ist, March, 1879. 



Digitized by 



Google 



Evolution of Mammalian Molars. 



1077 





J 


CO 
















1 


^ 


■• ' 






i 


|5 25 

1 1-^ 


OB 




- 


- 


— 




£< 


II if 
5 § 


0* 




j 




■* W 








33 1 




S « w-j ^ 




t 


c? -go 

Itl 
1 ■ 






e« 


. 








« « 1-^ 




•4 


o 










i-« 






T 

i 




[ t' 


i 

c 

i 

• ^ 
■ 1 


t 


■ 1 
I 





Adapis and Anapto- 
morphua are examples of 
Sub-types a, c, associa- 
ted ; for it frequently 
happens that the para- 
conid atroi)hies without 
a complete enlargement 
of the hypocone. A 
study of the diagram 
demonstrates, however, 
that the association of 
Sub-types b and e is im- 
possible. The recent 
monkeys Torsive and 
Loris afford a good il- 
lustration of the asso- 

tritubercular 
elation of 

quinquetubercular 
sextubercular 
and 

quadritubercular 
molars. 

The subsequent evo- 
lution of the molars in 
different orders was vari- 
ously characterized, first, 
by loss of the primary 
cusps, e, g.j the metaco- 
nid in the Carnivora, 
the paraconid in the 
Ungulata. Second, by 
the loss of some of the 
secondary cusps, c. g., 
the proto- and metaco- 
aules in the Artiodactyla.* Third, by the metamorphosis in the 

^ Schloeser: " Beitrace zurKenntniss derStammge8chichtederHufthiere,"Morph. 
Jahrb., 1886, p. 123, nas especially drawn attention to the probability that the 
Artiodactyla were derived from sextubercular forms. 
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1078 EvduHon of Mammalian Molars. 

form of the cusps. This subject has been fully treated by Riitimeyer, 
Kowalevsky, Cope, Schlosser and others. 

The Relation of Triiubenxuly to the Persistence of Mammalian Phyla. — 
The above table shows somewhat indefinitely, but none the less posi- 
tively, the general progression of the Mammalia, to and from the 
primitive tritubercular type. As already stated, even with our present 
very limited knowledge, certain stages appear to have been character- 
istic of certain periods, as follows : the triconodont in the lower 
Jurassic ; the primitive tritubercular and tubercular sectorial in the 
upper Jurassic ; the secodont and bunodont sub-types of trituberculy, 
predominated in the Puerco ; in the Bridger, the PerissodaCtyl ungu- 
lates had mostly passed beyond into the lophodont and symborodont 
types, and the Artiodactyls were approximately in the stage of sul> 
type c ; but the Lemuroidea, Creodonta, Insectivora, et(\, were, almost 
without exception, tritubercular. 

There can belittle doubt that, parallel with the tritubercular forms, 
in each period, there were aberrant or degenerate types, but it is 
difficult to determine which these are. Many Mesozoic types which 
the writer formerly considered aberrant, have now proven to be 
tritubercular.* The upper Jurassic genera included uncler the Diplo- 
cynodontidss (see Marsh, Aw^. Jotirn. Sc., April, 1887, p. 338) are 
apparently aberrant. There are several degenerate types among the 
Puerco and Wasatch Creodonts, such as Dissacua and Mesonyx. But 
there is a striking proof of the superiority of the tritubercular molar 
in the fact that, according to our present knowledge at least, the 
Jurassic mammals possessing aberrant or degenerate molar types did 
not persist into the Puerco, nor did such types in the Puerco persist 
into the Bridger. There is some doubt as to the persistence of the 
sub-tritubercular stages ; the writer formerly considered the Thyhcinm 
molars as triconodont ; but Mr. Lydekker has called attention to the 
probability that the metaconid has disap])eared and been replaced by 
a heel as in the sectorial teeth of the Carnivora. The disappearance 
of the degenerate types may be attributed to the general principle 
that rapid specialization and loss of parts leads ultimately to extinc- 
tion, by depriving the animal of the means of ada})tation to new 
conditions, or surroundings. The mechanical superiority of the 

* See "Additional Observations upon the Structure and Classification of the Meso- 
zoic Mammalia." Proc. Phila. Acad., Nov., 1888. 
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tritubercular type, over every other has been repeatedly clenionstrated 
in its phistic capacity of adaptation to the most extreme trenchant and 
crushmg functions. 
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SEGMENTATION OF THE OVUM, WITH ESPECIAL 
REFERENCE TO THE MAMMALIA. 

BY CHARLES SEDGWICK MINOT. 

'T'HERE follows after impregnation a short pause, and then 
the ovum begins its process of repeated division, which is 
known as the " segmentation of the ovum^' the term having 
been introduced before it was known that each *' segment " is 
a cell. The division or cleavage (Furchung) of ova was de- 
scribed by Prevost and Dumas, 1824, and again by Rusconi in 
1836. By usage, the term segmentation is restricted to the 
production of cells up to the period of development, when the 
two primitive germ-layers are clearly differentiated and the 
first trace of organs is beginning to appear. 

Segmentation nnelens. The impregnated ovum has a single 
nucleus which is known as the segmentation nucleus, and 
which is formed by the union of the male and female pronu- 
clei.^ It is the parent of all the nuclei subsequently found in 
the organism, and participates actively in the process of seg- 
mentation. It is very much smaller than the nucleus of the egg- 

1 Ed van Beneden in his first paper, Ascaris, 11^ affirmed that there was no real 
nnion of the pronuclei in the impregnated ova of Uiat species, but Camoj, 18^ 
showed that Tan Beneden's observations were incomplete, and Zacharias has stated, 
6O9 that they are so defective as to be fundamentally erroneous in regard to im- 
portant phases, and he points out that in reality the eggs of Ascaris offer another 
proof of the actual union of the pronudeL The impregnation in this Nematod has 
since formed the subject of numerous articles, see van Beneden and Keyt, 12^ 
Camoy, 182^ Boveri, 15^ etc., etc 
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cell before maturation ; it is usually membranate, and has nu- 
merous fine granules of chromatine, microsotnata, derived from 
the pronuclei ; in some cases the microsomata from the male 
pronucleus are distinguishable from those of female pronucleus. 
In the rabbit the nucleus when first formed has indistinct con- 
tours, an irregular shape and a homog'eneous appearance (Ed 
van Beneden, 8, 699,) it soon enlarges, becomes regular, and ac- 
quires a distinct, centrally situated nucleolus, (Bischoff, 14, 50^ 
Coste 17, Lapin 1*1. ii. fig. 4,) presumably by the gathering 
together of the microsomata. 

The position of the nucleus is always eccentric' so far as 
known, and approximately if not exactly the same as that of 
the egg-cell nucleus before maturation ; accordingly, the de- 
gree of eccentricity varies as the amount ofyolkordeutoplasm 
being least in alecithal and greatest in telolecithal ova. In 
brief, it may be said the nucleus tends to take the most cen- 
tral position possible with regard to the protoplasm of the 
ovum. The vitelline granules are not to be regarded as pro- 
toplasm, hence their accumulation may produce a one-sided 
distension without, however, in the least disturbing the uniform 
radial distribution of the protoplasm. The nucleus is sur- 
rounded by protoplasm with few or no yolk grains ; in telo- 
lecithal ova the perinuclear accumulation is the court of pro- 
toplasm at the animal pole. 

Period of repose. After the segmentation-nucleus is formed, 
there occurs a pause, which lasts according to observations on 
several invertebrates, from half to three quarters of an hour. 
It is probable that a similar pause ensues in the mammalian 
ovum, but there are as yet no observations to show whether it 
occurs or not. During this period the yolk expands slightly, 
unless, indeed, the expansion observed is due to the influence 
of hardening agents' and the monocentric radiation, which is 
present when the nuclei copulate, gradually fades out, and is 

1 It is often stated that the nndeas lies exactly in the centre, bat I have been 
unable to find a single observation to justify the statement. 

* Van Beneden states that osmic acid produces an artificial expansion of the 
ovum within the zona 
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replaced by a dicentric radiation which marks the end of the 
period of repose and the commencement of the first division 
of the ovum. 

KaryokiBeatooftlieoTiiiii. Segmentation is a process of indi- 
rect cell division, and nowhere are more perfect karyokinetic 
figures to be found than in the segmenting ovum. It is, there- 
fore, advisable to give a general account of the changes in- 
volved in every division, but inasmuch as karyokinesis is a 
phenomenon by no means restricted to embryonic cells, it is 
not one of the special subjects of the embryologist I shall, 
therefore, attempt only a summary account, following in the 
main, O. Hertwig, 26, 37-38, (compare Rabl's exhaustive 
memoir, 87.) 

It is probable that the resting nucleus has one pole at which 
the connection between the reticulum of the nucleus and the 
surrounding protoplasm is more intimate than elsewhere, as 
suggested by Rabl, «8, This pole is marked by a clearer spot 
outside the nucleus, close against it and much smaller than it. 
This clear spot becomes the centre of the radiating arrangement 
of the protoplasm. It was, I believe, first observed by Flem- 
ming in the eggs of Echinoderms, has been seen in Ascaris 
megalocephala by van Beneden and Neyt, 12, and by Boveri, 
lo, in Siredon by KoUiker, 28, and in other cases. It is now 
designated as the sphere of attraction,* and is seen, at least in 
certain phases, to contain a separate central body (centrosoma 
of Boveri). It is not improbable that the " sphere of attrac- 
tion " is identical with the Nebenkern of recent German writers. 
In a number of instances a small part of the nucleus is seen to 
separate off and to lie as a distinct body, Nebenkern, alongside 
the nucleus; this body has a colorable portion which is com- 
parable to the '* centrosoma." For an account of the scattered 
observations on the Nebenkern, together with the relation of 
these bodies to Gaule's so-called cytozoa,. see G. Platner, 84, 

^ The history and significance of the spheres of attraction as here presented 
cannot, by any means, be regarded as final. The observations are few, and in mast 
cases the exact history of the spheres of attraction has received no attention from in- 
vestigators whatsoever. 
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for additional observations see Prenant, 869 and Platner, 84a. 

The sphere of attraction divides, as does also its central 
body, and its two parts move to opposite sides of the nucleus. 
There thus appear two opposite accumulations of clear pro- 
toplasm, from each of which as a centre, astral rays or radiat- 
ing lines are formed in the cell-body. Meanwhile, within the 
nucleus, changes go on ; the threads of the intranuclear net- 
work radiate out from the the pole where the sphere of attrac- 
tion lies before its division, and the chromatic substance forms 
a number of distinct grains. When the sphere of attraction 
divides and its halves go asunder, the nuclear substance pre- 
serves its radiating relation to each sphere, and as the mem- 
brane of the nucleus disappears during these changes, the final 
result of the transformation of the nucleus is a spindle-shaped 
body, the points of which rest just within the clear centre of 
each astral system, so that the spindle stretches from one pro- 
toplasmic mass to the other. The spindle consists of fine 
threads extending from pole to pole and having almost no 
affinity for the dyes of the histologist, a peculiarity which 
causes them to be known as the achromatic threads. These 
threads are probably always compounded of a considerable 
number of exceedingly fine fibrillar, see Rabl, 88, 21-22. 
The colorable substance forms a number of separate grains, 
each of which is united with one of the achromatic threads, 
and all of which lie at the same level in the centre of the 
spindle ; when the spindle is seen from the side, the chro- 
matine grains appear to constitute a central band or disc 
(Strassburger's Kernplatte) but when the spindle is seen end- 
wise, the separate grains are at once recognized. The shape 
of the grains is variable ; some authors, without sufficient ob- 
servational proof, have advanced the opinion that the grains 
are always V-shaped. The spindle together with the polar 
accumulations of protoplasm and the two accompanying radia- 
tions constitute a so-called amphiastere. 

The domain of the radiation extends, the two protoplasmatic 
centres move further apart, the nuclear spindle elongates cor- 
respondingly, and the chromatic grains of the Kernplatte 
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divide. Flemming maintains that the division is always 
lengthwise of the V-shaped grain, but this has been contro- 
verted by Carnoy. How the division occurs in the mam- 
malian ovum is unknown. By division, however it is effected, 
the number of chromatine grains is doubled ; they form two 
sets ; one set moves toward one pole, the other towards the 
other pole ; the grains of each set keep at the same level as 
they move, until they reach the end of the spindle, where they 
appear as a polar disc (Carnoy's couronne polaire). Next the 
achromatic threads of the spindle break through and are 
apparently drawn in towards each polar crown. There are 
now two nuclear masses, each near but not at the centre of a 
radiation, and each consisting of chromatine and achromatic 
substance, each mass develops into a complete membranate 
nucleus, but the steps of this process have yet to be followed 
in detail in the vertebrate ovum. 

The signs of division of the protoplasm usually become 
visible about the time the polar crowns are formed, but when 
the ovum contains much deutoplasm the division may be re- 
tarded. In the plane which passes through the equator of the 
nuclear spindle, there appears a furrow on the surface of the 
ovum, which gradually spreads and deepens until it is a com- 
plete fissure around the cell, it cuts in deeper until at last only 
a thin stalk connects the two halves of the cell, and thereupon 
the stalk breaks and the cell is divided. There next ensues a 
pause, during which the astral rays of the protoplasm disap- 
pears in the daughter cells, and the daughter nuclei assume 
each the form of an ordinary resting membranate nucleus. 

The external appearances of segmentation in the living 
ovum vary, of course, especially according to the amount and 
distribution of the yolk material. The appearances in holo- 
blastic ova with very little yolk are well exemplified by Limax 
campestris. Mark's description, 82, is, nearly in his own words, 
as follows : 

" In Limax, after impregnation, the region of the segmenta- 
tion nucleus remains more clear, but all that can be distin- 
guished is a more or less circular ill-defined area, which is less 
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opaque than the surrounding portions of the vitellus. After a 
few moments, this area grows less distinct. It finally appears 
elongated. Very soon this lengthening results in two light 
spots which are inconspicuous at first, but which increase in 
size and distinctness, and presently become oval. If the out- 
line of the egg be carefully watched, it is now seen to lengthen 
gradually in a direction corresponding to the line which joins 
the spots. As the latter enlarge, the lengthening of the ovum 
increases, though not very conspicuously. Soon a slight flat- 
tening of the surface appears just under the polar globules, 
the flattening changes to a depression (Fig. i) which grows 
deeper and becomes angular. A little later the furrow is seen 
to have extended around on the sides of the yolk as a shallow 
depression, reaching something more than 
half way toward the vegetable or inferior 
pole, and in four or five minutes after its 
appearance the depression extends com- 
pletely around the yolk. This annular 
constriction now deepens on all sides, but 
most rapidly at the animal pole; as it 
deepens it becomes narrower, almost a 
Fig. I. Ovum of Limax Assure. By the further deepening of the 
campestris, during the constriction on all sides there are formed 

first cleavage. Magni- 
fied 200 diameters. The two equal masses, connected by only a 

fn.tXK ^MaT" ^^^"^^'* *^^^^ ^f protoplasm, situated 
nearer the vegetative than the animal pole, 
and which soon becomes more attenuated and finally parts. 
The first cleavage is now accomplished. Both segments un- 
dergo changes of form, they approach and flatten out against 
each other, and after a certain time themselves divide. 

PrimitiTe tjpe of segmentatioii. In the lower animals there is 
not found that excessive amount of deutoplasm in the ovum 
which is so characteristic of the vertebrates, and in their ova 
we have what is undoubtedly the earlier and more primitive 
type of segmentation. In these cases the cleavage extends as 
in the egg of Limax, (see above) through the whole of the 
dividing cell. The two cells first produced are almost if not 
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quite alike, and each of them produces two cells which are also 
very similar to one another ; then comes a division of the 
four cells into eight, four of which resemble one another and 
differ from the remaining cells which are also similar among 
themselves. Four of the cells are derived chiefly from the 
substance of the animal pole of the ovum and are very pro- 
toplasmic ; and the other four cells are constituted out of the 
substance of the vegetable pole and accordingly contain most 
of the deutoplasm of the ovum. The eight cells form an ir- 
regular spheroid, in the centre of which there is a space be- 
tween the cells ; this space is known as the segmentation 
cavity. 

The four cells of the animal pole progress in their divisions 
more rapidly than the four of the vegetable pole, but the latter 
when the yolk matter is at a minimum, as, for instance, in echi- 
noderms, do not lag much. From their unequal rates of divis- 
ion the two sets of cells come to difler more and more in size, 
those of the animal pole being much the smaller. The division 
of the cells take place so that the cells form a continuous layer 
of epithelium, one cell thick, stretching around the enlarged 
central segmentation cavity, (Fig. 2) and, the latter being 
an outside view of an Amphioxus blastula, cf, infra ; the 
epithelium consists of a larger area of the small cells of the 
animal pole, and a small area of the large 
cells of the vegetable pole. This stage of 
segmentation is known as the blastula 
stage ; the small cells are destined to form 
the ectoderm of the embryo; the large 
cells the entoderm; the central space is 
the segmentation' cavity ; the line along 
/En which the two parts of the epithelium 
(ectoderm and entoderm) join is known 

^. „, , ^-, ^. as the ectental line. 
Fig. 2. Blastula of Echino- 
cardinm cordatnm 20 Tertebrate type of 8egmentatlon« In the 

^re^'e™TI^«" vertebrates we find that segmentation also 
toderm; jr, segmenta- results in two epithelia, One ectoderm and 

tion cavity. After Se- , f . • , . , 

lenka. One entoderm, jomed at their edges, and 
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surrounding a segmentation-cavity, but the resemblance to 
the typical blastula is masked by changes in both ectoderm 
and entoderm ; the vertebrate ectoderm when first fully differ- 
entiated consists of several layers of cells, and not merely of 
a single layer of cells as in the primitive type of segmenta- 
tion ; the entoderm contains a very large amount of nutritive 
material (deutoplasm) and is represented either by a mass of 
large cells (marsipobranchs, ganoids, amphibians) or a mass 
of protoplasm, not divided into cells, or but partially divided 
into cells, and containing an enormous quantity of deutoplasm 
(sauropsidans and monotremes). In the higher mammals 
there are further modifications as described below. 

The more primitive form among vertebrates is, I think, pre- 
sumably, that in which the entoderm consists of separate cells, 
for this mode of segmentation is the one which most resembles 
that of invertebrates, and it occurs in the lowest vertebrates, 
and in ova which are not excessively charged with yolk. 

In the primitive form of vertebrate segmentation^ which is 
preserved in the marsipobranchs, ganoids and amphibians, 
there is a well marked difference between the cells of the two 
poles. The following account refers especially to the frog's 
egg, and is an adaption of Balfour's summary (Comp. Embryl. 
!•» 78, 79). The first formed furrow is vertical ; it commences 
in the upper half of the ovum which corresponds to the animal 
pole and is characterized by the black pigment — the lower or 
vegetable pole being whitish. The first furrow extends rapidly 
through the upper, then more slowly through the lower half 
of the ovum, so that the divergence in the two polar rates of 
development is indicated already. As soon as the furrow has 
cleft the egg into halves, a second vertical furrow appears at 
right angles to the first and behaves in the same way (Fig. 3). 
The next furrow is at right angles to both its predecessors, 
and therefore parallel to the equator of the egg, but it is much 
nearer the animal than the vegetative pole. It extends rapidly 
around the egg and divides each of the four previous segments 
into two parts ; one larger with a great deal of yolk, and the 
other smaller with very little yolk. The eight segments or cells 
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Segmentation of the egg of the common frog; diagrams slightly 
modified from Ecker. 



have a small segmentation cavity in the centre between them. 
This cavity increases in size in subsequent stages, its roof being 
formed by the small cells further divided, and its floor by the 
large cells, also multiplied by division, though to a less extent 
than the small cells. All the developmental processes progress 
more rapidly at the animal pole. After the equatorial furrow, 
there follows two vertical or meridional furrows which begin 
at the animal pole and divide each of its four cells into two, 
making eight small cells. After a short period these furrows 
extend to the lower pole and divide each of the large cells into 
two (Fig. 3, 5). The so-called f«^rw&(t?«fl:/ cleavages after the 
first and second are not truly meridional cleavages since they 
do not pass through the pole of the ovum, but through the 
poles of the cells, (blastomeres) which they divide; see Rauber^ 
Morph. Jahrb. viii, 287. 

A pause now ensues, after which the eight upper cells be- 
come divided by a furrow parallel to the equator and somewhat 
later a similar furrow divides the eight lower segments. Each 
of the small cells is now again divided by a vertical furrow, 
which later divides also the corresponding large cell. The 
segmentation cavity is, therefore, now bounded by 32 small 
and 32 large cells. After this the upper cells (ectoderm) gain 
more and more in number beyond the lower cells (entoderm). 
After the 64 segments are formed, two equatorial furrows 
appear in the upper pole before a fresh furrow arises in the 
lower, making 128 ectodermal cells against only 32 entodermal. 
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The regularity of the cleavage cannot be followed further, but 
the upper pole continues to undergo a more rapid segmentation 
than the lower. At the close of segmentation the egg forms a 
sphere, containing an excentric segmentation cavity (Fig. 4, 
s. c!) composed of two unequal parts, an upper arch of several 

layers of cells, (i?/.) 
the primitive blasto- 
derm of Minot or ecto- 
derm, and a lower 
mass {YolU) of large 
cells rich in proto- 
plasm. At the edge 
of the mass of large 
cells {k w) there is a 
gradual passage in size 
to the cells of the 
blastoderm, and it ap- 
pears that the small 
cells receive additions 
at the expense of the 
large ones ; this zone 
corresponds to the so- 
called germinal wall of large vertebrate ova, and also to what 
we have defined as the ectental line. 

The secondary type of vertebrate segmentation differs from the 
primary principally in the retarded development of the ento- 
derm, due, apparently, to the increase of the yolk-matter. The 
yolk granules are, as already mentioned, found to be situated 
not quite exclusively, though almost so, in those parts of the 
ovum out of which the entodermal .cells are formed. Hence, 
when there is a great deal of yolk the anlage of the entoderm 
becomes bulky, and when it segments the entodermal cells it 
produces arc correspondingly big, as we have seen is the case 
in Amphibian ova. On the other hand, when the amount of 
yolk is small, as in the primitive type of segmentation, e. g. 
€chinoderms, the entodermal cells are small. In the reverse 
case when the amount of yolk is exceedingly great, as in se- 




Fig. 4. Section of the segmental ovum axoloth, 
after Belloni, Bl, blast^erm ; s, c, segmenta- 
tion cavity ; Yolk, volk or entoderm ; k,w, 
(keim wall) germinal wall. 
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lachians, reptiles and birds, the yolk may not divide into cells 
as fast as the nuclei multiply, so that it seems that 
the presence of the deutoplasm, though it does not affect 
the nuclear divisions markedly, certainly impedes very much 
the division of the protoplasm, and consequently in these ova 
we find at certain stages of development a multinucleate yolk. 
The impediment is not encountered by the protoplasm of the 
animal pole, hence we see the animal pole segmenting while 
the yolk does not ; in this case the segmentation appears con- 
fined to one portion of the ovum, and accordingly such ova are 
termed meroblastic in contradiction to the holoblastic ova, in 
which the first cleavage furrows divide the whole ovum ; but 
the difference, it must be expressly remembered, is one of 
degree not of kind. 

The best known example of a vertebrate meroblastic ovum 
is, undoubtedly, the hen's egg. The so-called yolk or '* yel- 
low '* is the ovum ; the white and the shell are both adventi- 
tious envelopes added by the oviduct as the ovum passes down 
after leaving the ovary. The segmentation begins while the 
ovum is passing down through the lower part of the oviduct, 
and shortly before the formation of the shell commences. If 
an ovum from the upper part of the oviduct be examined, it is 
found to be surrounded with more or less white (albumen). 
Its animal pole is represented by a whitish disk from 2.5 — 3.5 
mm. in diameter and 0.30—0.35 mm. in thickness ; this disc is 
known by many names — formative yolk, germinal disc, cica- 
tricula, (Narbe, Hahnentritt, Keimscheibe, stratum s. discus 
proligerus). The animal pole consists chiefly of protoplasm 
and is peculiar only in its small size compared with the whole 
ovum ; it contains, when the ovum leaves the ovary, the egg- 
cell nucleus ; the ovum then matures ; impregnation occursand 
finally segmentation begins. Viewing the ovum from above, 
we see the first furrow appear as a groove running across the 
germinal disc, though not for its whole width, and dividing it 
into halves ; this furrow is developed in accompaniment with 
the division of the segmentation nucleus. The primary furrow 
as succeeded by a second furrow nearly at right angles to the 
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first ; the surface of the germinal disc is cut up into four seg- 
ments or quadrants, (Fig. 5, A.) which are not, however, sep- 
arated from the underlying substance. The number of radiat- 
ing furrows increases from four, to seven or nine, when there 
arises a series of irregular cross furrows, by which the central 
portion of each segment is cut off from the peripheral portion 
giving rise to the appearance illustrated by Fig. S, C; there 
are now a number of small central segments surrounded by 
large, wedge-shaped external segments. Division of the seg- 
ments proceeds rapidly by means of furrows running in va- 



Fig. 5. Four stages of the segmentation of the hen's ovam ; after Coste. Only 
3ie germinal disc seen from above and part of the sarrounding yellow yolk are 
represented. 
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rious directions. Not only are the small central segments divided 
into still smaller ones, (Fig. 5, D.) but their number is increased 
also by the addition of cells cleft off from the central ends of 
the large peripheral segments, which are themselves subdivided 
by additional radiating furrows (Fig. 5, D.). Sections of the 
hardened germinal disc show that segmentation is not confined 
to the surface, but extends through the protoplasmic mass of 
the animal pole, there being deep seated cleavage in planes 
parallel to the surface of the ovum. According to Duval, 19, 
when the first few, small central cells are separated off there is 
a small space between them and the underlying egg substance 
{see Figs. 2, 3, 4, 5 and 6 of his Plate I.) and this space he 
-calls the segmentation cavity ; but in this, I think, he is in 
^rror, for the cells formed below this space are incorporated in 
the ectoderm or primitive blastoderm ; the cells referred to 
are those marked m, in Fig. 8 of Duval's PI. I. The true seg- 
mentation cavity, as we have seen, is bounded on one side by 
entoderm. This fundamental characteristic Duval has en- 
tirely overlooked. From the processes described, there re- 
sults a disc of cells, which receives peripheral additions ; the 
border from which these additions come is known as the 
segmenting zone. The whole mass of cells derived from the 
germinal disc represents the ectoderm, and the segmenting 
zone may be homologized with the cells around the edge of 
the primitive blastoderm of the frog (Fig. 4, k w), A section 
through the segmented germinal disc shows the following 
relations : The blastoderm is a disc of cells ; its upper layer 
is epithelioid, its lower layers consists of rounded cells more 
or less irregularly disposed ; at its edge it merges into the 
yolk which continues to produce cells ; between the blasto- 
derm and the yolk is a fissure — the segmentation cavity ; the 
yolk under the fissure contains a few nuclei, which have each 
a little protoplasm about them, but do not form parts of dis- 
crete cells. 

In reptiles, the process of segmentation is very similar to 
that in birds. Our knowledge is based principally upon obser- 
vations upon the eggs of the European lizards {Lacerta agilis 
and viridis) which have been studied by Kupffer and Benecke, 
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80, Balfour, 2, Sarasin, 41, Weldon, 49, and Hofmann 
Archives ne'erlandaises xvi, i88i) Hofmann gives a resum6) 
in Broun's Thierreich vi. Abth. iii. p. 1877-1881. The process 
is more irregular, and small cells are budded off singly and in 
scattered clusters from the larger segments. At the close of 
segmentation the germinal disc is converted into a membrane 
consisting of several layers of cells and parted from the 
underlying yolk by a thin space — the segmentation cavity \ 
at its edge this membrane, the primitive blastoderm, is united 
with the yolk, it being immediately surrounded by a segmen- 
tating zone, from which it receives accretions. The layer of 
the yolk immediately under the segmentation cavity contains 
scattered nuclei, lying singly or in clusters ; each nucleus is 
surrounded by protoplasm ; the nuclei are not all alike ^ 
some are very large round with very distinct nuclear threads j 
others are small and often bizarre in shape ; probably the 
latter are budded off from the former. 

In Elasmobranchs, the germinal disc is thicker, and conse- 
quently the mass of cells resulting from its segmentation cuts 
in quite deeply into the yolk, Balfour, Comp. Embryol. i, fig. 
46, Riickert, 40, 28. As segmentation progresses, the cells 
spread out into a layer, which shows the same essential rela- 
tions as have been described in birds and reptiles. There is 
the several-layered primitive blastoderm with its edges con- 
nected with the yolk and itself overlying the segmentation 
cavity, the lower floor of which is formed by the multinucle- 
ate yolk the representative of the cellular yolk mass of the 
frog (Fig. 4, Yolk), The nuclei are confined to the layer im- 
mediately under the segmentation cavity, and this layer cor- 
responds to the sub-germinal plate in teleost ova. Of the 
yolk-nuclei some are large, others are small as in reptiles ; 
they are the Parab last -kerne of His, the Merocy ten- kerne of 
Riickert. 

In bony fishes, also, we find the same type, but modified 
somewhat. The process of segmentation has been very care- 
fully studied by C. O. Whitman, i, to whom I am indebted 
for the accompanying semi-diagrammatic figure of the seg- 
mented ovum of a flounder. The ovum is surrounded by a 
vitelline membrane, z, from which it has slightly withdrawn, 
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notably at the upper pole, where lies the thick cap of cells 
constituting the blastoderm, BL\ in the stage represented, 
the outer layer of cells is just beginning to assume an epithe- 
lioid character ; under- 
neath the blastoderm 
is the well-marked seg- 
mentation cavity, s, c,\ 
everywhere at the edge 
of the blastoderm lies 
the segmenting zone, 
k, w.y a ring of granu- 
lar protoplasm with rap- 
idly dividing nuclei ; 
the cells resulting from 
these divisions are add- 
ed to the edge of the 
blastoderm, which thus 
enlarges peripherally. 
The protoplasm of the 
segmenting zone is pro- 
longed inwards form- 
ing the floor of the seg- 
mentation cavity ; this 
sheet of protoplasm s. ^., is known as the sub-germinal plate. 
The segmenting zone is, of course, the homologue of the 
similar zone in amniote ova, or the so-called germinal wall, 
but it is quite sharply defined against the yolk and therein 
differs from the wall in the chick, because in the latter the 
germinal merges gradually into the yolk. The process of 
segmentation differs from that in elasmobranchs and saur- 
opsida, in that the cleavage of the germinal disc is strikingly 
regular, and further in that the whole width and thickness 
of the germinal disc is involved in the segmentation from the 
very start. The segmentation in teleosts is further interest- 
ing as affording proof that all the nuclei as shown by Whit- 
man's investigations, arise from the segmentation nucleus. 

To summarize : In vertebrate ova with a large yolk which 
does not divide into cells until segmentation is considerably 
advanced, the substance of the animal pole segments com- 



Fi^. 6. Ovum of a floander in transverse ver- 
tical section; semi-diagrammatic figure by 
Dr. C. 0. Whitman. %, vitelline membrane 
(or zona) ; k,w, segmenting zone (keim wall); 
£1, blastoderm or primitive ectoderm ; s. c, 
segmentation cavity ; s,g, sab-germinal plate, 
gl, oil globule of yolk. 
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pletely and produces several layers of cells (the uppermost 
becoming epithelioid), which are the ectoderm or primitive 
blastoderm ; the edge of the blastoderm touches the yolk and 
is surrounded by a nucleated zone in which the production of 
cells is continuing ; underneath the blastoderm is the fissure- 
like segmentation cavity ; the floor of this cavity is formed 
by the unsegmentated yolk (entoderm) which is furnished 
with scattered nuclei in the layer immediately under the seg- 
mentatioti cavity ; the yolk nuclei, at least in selachians and 
reptiles, are of two kinds, very large ones and smaller ones, 
which arise, probably, from the large nuclei ; the nucleated 
layer may be termed the sub-germinal plate. 

Modified sefrmentatioii of placental mammals. The lowest mam- 
mals resemble the reptiles in many respects ; amongst other 
reptilian characteristics of the monotremes, we find ova of 
large size and rich in deutoplasm. That these ova segment 
during their passage through the oviduct, in similar manner 
to those of reptiles, was first ascertained by direct observa- 
tion by Caldwell in 1884, le. 

In marsupials and the placental mammalia the amount of 
yolk substance is greatly reduced and the ovum is of small 
size. It is, therefore, holoblastic, that is to say, the cleavage 
planes cut through the entire cell, as in the primitive type of 
segmentation, but the arrange- 
ment of the cells at the close of 
segmentation appears to be a 
direct inheritance from the rep- 
tilian ancestors of the mammals. 

The segmentation o.f the mam- 
malian ovum was first clearly re- 
cognized by Bischoff, though it 
had been previously seen and 
misinterpreted by Barry, 6, 6, 7 5 
very beautiful figures of segmen- 
tation in the rabbit have been p. Ovnm of a rabbit of twenty- 
given by Coste, 17, More re- four hours; after Coste. The 
^, , .. V 1 first cleavage has been completed; 
Cently, observations have been the two ce^ are appressed; above 

published by Hensen on the rab- the cells He the polar globules; 

f . V» , 11 numerous spermatoza lie in and 

bit, 24, van Beneden on the rab- within the zona peUucida, 
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bit, 8, 9, 10, Kupffer on rodents, 29, Selenka on rodents, 
44, 45, 46, and oppossums, 47, van Beneden and Julin on 
bats, 18, Heape on moles, 28, Tafani on white mice, 48. 

The ovum, when discharged from the ovary, is surrounded 
by the corona radiata, which is lost when impregnation takes 
place. Segmentation begins when the ovum is one-half to 
two-thirds of the way through the oviduct. The ovum 
si>ends about 70 hours in the oviduct in the rabbit, and about 
eight days in the dog. The first cleavage plane passes 
through the axis of the ovum which is marked by the polar 
globules. When first formed, the two segmentation spheres 
are oval and entirely separated from one another, but subse- 
quently they flatten against one another and become 
appressed — a remarkable phenomenon of which we possess 
no explanation whatever. The second cleavage plane is also 
meridional. 

The ovum next divides into eight and then into twelve 
segments, of which four are larger than the rest. 

The succeeding cleavages have never been followed accu- 
rately, but from Heape's observations on the mole, 28, 166, 
we know that the divisions progress with great irregularity, 
and is probable that the commonly assumed regi'larity of 
mammalian segmentation does not exist in nature. After a 
time (in the rabbit 
about 70 hours) there 
is reached the stage 
termed Metagastrula 
by van Beneden, 10, 
153-160, in accordance 
with his view of the 
homologies of this 
stage. The metagas- 
trula consists of a 
single layer of cubo- 
idal hyaline cells lying 
close against the zona 
pellucida (Fig. 8) en; 

the space within this ^%^' ^bbiysoynm of about 70 hours; after 
^ . . £. yan Beneden. s. Zona pellnada; en, ento- 

layer contains an inner derm; 1. m. inner mass of granular cells. 
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mass of cells, im, which are rounded or polyzonal and 
densely granular. At one point the outer layer is inter- 
rupted and the space is filled by one of the granular segmients 
of the inner mass (Fig. 8). The nuclei of all the cells 

are somewhat nodulated, 
and have several highly 
refractible granules each. 
The granules in the 
bodies of the cells of the 
outer layer are somewhat 
concentrated around the 
nucleus, leaving the cor- 
tices of the cells clear, 
van Beneden, 9, 28-29, 
has observed that some- 
times (21 oval out of 29) 
the first two segmenta- 
tion spheres are of un- 

Fig. 0. Oynmofa bat, Vespertilto marina, equal size in the rabbit, 
with four segmentation spheres ; after van « . .1 • i^m-^. 

BenedcnanJjulin. ^ and Similar variability 

occurs in the mloe, 
Heape, 28^ 165 ; Tafani, on the other hand, expressly denies 
its occurence in white mice. It is, I think, very improbable 
that this difference, which sometimes occurs and sometimes 
does not, has any fundamental significance ; van Beneden, 
however, has maintained that the small cell gives rise in the 
rabbit to the inner mass of cells, (see below) which he terms 
the entoderm, but which must, it seem to me, be homologized 
with the ectoderm, as explained below. That van Beneden 
is in error, as to the genetic relation of the small cell to the 
inner mass has been demonstrated by Heape %%j 166. 

The second cleavage plane is probably also meridional, and 
is certainly at right angles to the first, so that four similar 
cells are produced as in the primitive type of segmentation, 
(Fig. 9) those four cells are also rounded at first, and prob- 
ably become fitted against one another so as to produce the 

* The distinction here made between ** primitive type of segmentation'* and 
** primitive type of vertebrate segmentation " should be borne in mind by the reader. 
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disposition observed by Tafani 1889, 

48, Ii6| in mice ova at this stage ; 

Tafani describes each cell as having 

the form of a three-sided pyramid 

with the apex at the centre of the 

ovum and a convex base forming 

part of the external surface of the 

yolk. That the two first cleavage 

planes are meridional is rendered 

probable by the arrangement in the — 

four cell stage observed by Selenka ^^g- »<>• Ovnm of Virginian 

,__,,- «. V oppossnm with four •egments: 

in the Virgmian OppOSSUm. (Fig. 10.) after Selenka. 

(To be continufd.) 
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(From The American Naturalist. September, 1889.) 

SEGMENTATION OF THE OVUM, WITH ESPECIAL 
REFERENCE TO THE MAMMALIA. 

BY CHARLES SEDGWICK MINOT. 
I (Concluded from page 481.) 

"TXURING all these early stages the cells (segmentation 

j spheres) are naked, /.^., without any membrane ; the nuclei, 

I when not in karyokinetic stages, are large, clear, and vesicular ; 

I the yolk granules are small, highly refractile, and more or less 

i nearly spherical ; they show a marked tendency to lie in the cell 

half-way between the nuclear and the edge of the cell, or when 

the cells are large, around the nucleus and at a little distance 

from it. 

It is at about this stage that the ovum passes from the Fallo- 
pian tube into the uterus, where it dilates into what is known as 
the blastodermic vesicle. This dilatation is due principally to the 
multiplication and flattening out of the cells of the outer layer, 
and of course involves the expansion and consequent thinning of 
the zona pellucida, (compare Figs. 8 and 1 3.) The inner mass 
meanwhile remains passively attached to one point on the cir- 
cumference of the vesicle, (Fig. i\,i.m) By this process the 
thin fissure between the inner mass and the outer layer becomes 
I a considerable space, (Fig. 1 3). 

The blastodermic vesicle continues to expand, and in the 
rabbit and mole there is a corresponding enlargement of the 
tubular uterus at the point where the vesicle is lodged. " It is 
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clearly impossible for the delicate walled ovum to expand in the 

form of a vesicle, and distend the 
uterine walls by virtue of the growth 
of its cells ; it must be therefore con- 
cluded that it obtains some support. 
This support is rendered from within. 
The vesicle contains a transparent 
fluid, the nature of which I am only 
sufficiently conversant with to say 
that, after a treatment with alcohol, 
^^^' "• a white precipitate is present in the 

2ri^'^^r^t:L^ vesicle. It is equally evident that 

STer^^r^SStSSer^^ LJ- ^^'^ ^"^^ ^^ ^^^'^ ^^^^ '^^ ^•^^"^ 

mentation cavity. fro^^ ^^ uterus, and that it is present 

within the vesicle at a 
very considerably great- 
er pressure than in the 
uterus itself Such a 
condition is caused by 
means of the cells of the 
wall of the vesicle ; this 
function being perform- 
ed against a pressure 
which is gfreater on their 
inner than on their outer 
side, exactly as the cells 
of the salivary glands 
are known to act. The 
uterine fluid is secreted 
by glands present in 
gfreat numbers in the 
uterine tissue, and is 
poured through their 
open mouths into the 
cavity of the uterus. 
There is every proba- sections through th 

L •! '-^ -4. L i. 'J.' vesicle of the mole at three successive stages : *, xona pel- 

blilty It has nutritive lucida ; s % subional layer ; i *i. inner i 




Fig. 12. 
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qualities, since it is thence taken up into the cavity of the embry- 
onic vesicle, which eventually functions as a yolk-sac, in the walls 
of which embryonic blood-vessels ramify." — Heape, 

The inner mass (Fig. 11, i.w.) does not at first grow much, 
and retains its rounded form, becoming, at least in the mole, 
nearly globular. (Fig. 12, A.) The inner mass subsequently 
flattens out, becoming lens-shaped, thinner, and of larger area. 
(Fig. 12, B.) It continues spreading laterally, and separates into 



Fig. 13. 

Ovum of rabbit ninety-four hours after coitus, after van Beneden : tn 
subzonal epithelium (entoderm); i, zona pellucida ; i m, inner mass of cells. 

three distinct layers. The ovum now consists of a very thin 
zona pellucida (Fig. 1 3, js), close against which is a single layer of 
thin epithelial cells, £n: at one pole this layer is interrupted by 
a lens-shaped mass, i.m,, formed by three layers of cells. These 
three layers were first clearly described by E. van Beneden p, 
and have been since figured by him 10; van Beneden identified 
these three layers with the three permanent germ-layers, which 
do not arise until later. Rauber, however, showed that both the 
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outer layers enter into the formation of the ectoderm, while the 
inner, layer is concerned in the production of the permanent 
entoderm ; the outermost layer Rauber terms the Deckschicht 
Lieberkiihn 31 a, and others have since then confirmed Rauber's 
results. 

Homologies of the mammalian blastodermic vesicle. — We have 
so little accurate information concerning the details of the forma- 
tion of the blastodermic vesicle, that any interpretation must be 
tentative. I still consider, however, the view which I brought 
forward in 1885 {Bucks Reference Hdbk, Med. Sciences, I., 528), 
as the most satisfactory, and preferable to the similar explanation 
advanced independently and simultaneously by Haddon, 20, and 
reproduced by him briefly in his " Practical Embryology," 47—48. 
F. Keibel, ^7, advocated similar interpretations two years later, 
but without quoting Minot or Haddon. I regard the sub-, 
zonal epithelium as the entoderm, and the inner mass of cells as 
the primitive blastoderm or ectoderm : by so doing the parts can 
be readily and exactly homologized with the parts in the frog's 
ovum, as will be evident at once if the diagram ( Fig. 14) of'the 
mammalian vesicle be com- 
pared with the section of a 
segmented amphibian 
ovum, (Fig. 4). 

The primitive blastoderm 
Bl. or ectoderm consists of 
several layers of cells rich 
in protoplasm ; below it is 
the large segmentation cav- 
ity, s,c,, relatively much 
larger in the mammalian 
than in the amphibian ovum. 
At its edge the primitive 
blastoderm joins the ento- 
derm yolk, which in am- 
phibia is a large mass, in seiiting the remnant of segmented yolk. 

mammals only a single layer of cells. Now, we know that the 
ancestors of the higher mammals had ova with a large amount 




Diagram of a segmented mammalian ovum: 
z, zona pellucida; Bl, primitive blastoderm; s c, 
segmentation cavity ; yolk, layer of oell repre- 
ise: 
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of deutoplasm, which in the course of evolution has been lost, so 
that in the ova of the Placentalia there is very little yolk 
material. We know, further, that the readiness of cellular 
divisions depends on the amount of yolk ; hence when the yolk 
is lost, we should expect to find the entoderm, which, as we have 
seen, is derived from the vegetative substance of the ovum, to be 
represented by relatively small cells. If we imagine the number 
of entodermic cells in* the frog's ovum ( Fig. 4, Yolk) reduced, 
their connection with the primitive blastoderm and their char- 
acter as a continuous layer being preserved, we obtain at once 
the characteristic arrangement of the mammalian blastodermic 
vesicle, (Fig. 14.) The homology here established is further 
confirmed by the coarse net-work of protoplasm in the cells of 
the outer layer of the vesicle (Ed. van Beneden, /o), suggesting 
at once the meshes which have been emptied of their deutoplasm. 
Adam Sedgwick, ^j, has shown that in the ova of Peripatus 
capensis the yolk matter has been lost, though abundant in other 
species of the same genus, and the coarseness of the protoplasmic 
net-work is preserved as evidence of the granules formerly 
present. This observation serves to confirm the view I have 
suggested as to the significance of the wide-meshed reticulum of 
the cells of the mammalian sub-zonal layer, (Fig. 14, Yolk) 

The disposition of the animal pole in the ovum before segmen- 
tation also conforms to the homologies here advocated. It will 
be remembered that the protoplasm of the animal pole extends 
6ir into the ovum, and is enveloped by a cup (deutoplasm zone) 
of the substance of the vegetable pole. Hence when the animal 
pole forms cells they lie as an inner mass, (Fig. 1 1, i,m) 

If Minot's view be adopted, then the ectoderm lies within the 
entoderm at a certain stage of development, for the one cell 
which retains, as shown in Fig. 8, the connection of the ectoderm 
with the exterior, is subsequently overgrown by the outer layer 
of cells (van Beneden, Heape). There is then a complete inver- 
sion of the germ layers in all (?) placental Mammalia. In most 
cases the inversion is temporary ; the inner mass, as described 
above, flattens out, and probably flattens out inside the outer 
epithelial layer ; if this is the case, then the external layer of the 
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lens-shaped mass (Fig. 12, B and C, im) is really entoderm; this 
layer is Rauber's Deckschicht, which, as already stated, usually 
disappears, leaving the true inner mass, or permanent ectoderm, 
to form part of the sur&ce of the blastodermic vesicle, so that, 
with the exception of the reduction in the dimension of the 
entoderm, the relations are the same as in other vertebrate ova. 

The inner layer of the flattened inner mass gives rise to the 
entoderm, and this at first sight appears to be conclusive evidence 
against the homology here drawn between the inner mass and 
the primitive ectoderm of other vertebrates. The same thing 
was formerly supposed to occur in the blastoderm of other verte- 
brates, but it is now known that the entoderm is added from 
another source to the under side of the primitive blastoderm or 
ectoderm, and though we possess no exact information whatever 
as to the origin of the entodermic cells under the primitive blas- 
toderm of the Mammalia there is no reason to assume that 
they arise in a manner fundamentally different from that typical 
of other vertebrates. We may therefore dismiss this objection. 
The origin of the entodermic cavity I hope to discuss on another 
occasion. 

Planes of Division during Segmen/ation.-^The plane of the 
first divisions determines those of the subsequent divisions, and 
also of all the axes of the embryo.^ It is itself determined by 
the position of the long axis of the first amphiaster or nuclear 
spindle, to which it is at right angles. It, therefore, is a matter of 
great interest to ascertain what fiictors determine the position of 
the first spindle, or, in other words, the axis of elongation of the 
segmentation nucleus. So far as at present known there are two 
&ctors: I. Relation to the axis of the ovum; II. Position of 
the path taken by the male pronucleus to approach the female 
pronucleus. The axis of the ovum is fixed before impregnation. 
It passes through the center of the animal and that of the vege- 
table pole. Usually the nuclear spindle which leads to the for- 

> In certain cases, notably in birds as described above, the segmentation is irreguiar ; 
and it is, therelMe, not known yet whether the scheme of arrangement of the deavage 
planes here given can be applied to all ova or not. We may say, however, that the 
sdheme is the primitive one, from which any modifications arose phylogeneticaUy. The 
beat diactt^ion is by A. Agasus and Whitman, /. 34-41. 



Digitized by 



Google 



Z889.] Segmentation of the Ovum, 759 

mation of the polar globules has its long axis coincident with that 
of the ovum, hence the point of exit of the polar globule marks 
one end of the ovic axis. The first ampkiaster or spindle is al- 
zvays at right angles to the ovic axis. This, however, leaves the 
meridian plane undetermined. Roux, jp, from a series of inter- 
esting experiments on frog's qva, concludes that the plane is fixed 
by the path of the spermatozoon. So far as I know this idea 
was first suggested by Selenka, in 1878, in his paper on "The 
Development of Toxopneustus variegatusr Compare also Mark, 
J2, p. 500. In the frog's egg the path of the male pronu- 
cleus is marked by a line of pigment, as was first described by 
van Bambecke, ^, p. 65, and has been well figured by O. Hert- 
wig, 2sa, PL v., fig. 4. The pigment renders it easy to ascertain 
the position of the male road, even after the first cleavage of the 
ovum. This Roux has done in sectioned ova« and from experi- 
ments and observations reaches this result : The long axis of the 
first segmentation spindle lies in a plane which passes through the 
axis of the ovum and the path of the male pronucleus. If Roux's 
conclusion is confirmed, it will become of fundamental impor- 
tance. Yet there. must be other &ctors which can at least replace 
the male pronucleus in this special role, since the development 
of pathenogenetic ova, in which there is no male pronucleus at 
all, is equally determinate. It is probable that the distribution of 
the protoplasm is the real cause determining the position of the 
nucleus ; thus in oval eggs the spindle lies in the direction of the 
long axis. It is quite probable that if the male pronucleus has 
the effect ascribed to it by Roux, it produces it indirectly by al- 
tering the distribution of the protoplasm within the ovum; that 
such alteration takes place is indicated by the occurrence of the 
male aster. 

That the first cleavage plane is determined by relations existing 
in the unimpregnated ovum has been suggested by O. Schultze 
in consequence of his finding' the germinal vesicle lying excen- 
trically in the eggs of the brown frog. Schultze suggests that the 
first plane passes through the ovic axis and the excentric nucleus. 
Roux, Biol. Col., VII., 420, maintains that this suggestion is set 
aside by his own observations cited above. For further discus- 
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sion see Schultze's short note, 4.2^ and Roux's rejoinder, p. I 
think the question whether the first cleavage plane is determined 
by the ovum's structure or not is still an open one. 

As already stated, in the primitive segmentation, both inverte- 
brate and vertebrate, the second cleavage plane is at right angles to 
the first, and also meriodional, while the third plane is at right 
angles to both the first and second, and therefore equatorial. 
In some meroblastic vertebrate ova this regularity is entirely 
lost. 

Differentiation of the ectoderm and entoderm. — As already 
pointed out the essential feature of segmentation is the unlikeness 
of the cells produced ; the manifold variations in the process of 
segmentation depend chiefly on the amount of yolk. 

Minot, in 1877, jj, first established the generalization that t» 
all animals the ovum undergoes a total segmentation during which 
the cells of the ectoderm divide faster and become smaller than the 
cells of the entoderm. Compare Fig. 15. There are, however, a 

small and, I think, diminishing num- 
ber of cases, where the process of 
segmentation is imperfectly under- 
stood, and which cannot yet be 
shown to conform to this generaliza- 
tion. " All the known variations in 
the process of segmentation depend 
merely upon: i. The degree of dif- 
ference in size between the two sets 
of cells ; 2. the time when the dif- 
FiG. 15. erence appears; 3. the mode of 

Ovum of Amphioxus lanuoiafus development, whether polar or by 

during segmentation ; •stage with 88 , , . . o . , r i • i 

cells, X aso diams.. after B. Hats- delammation,' either of which may 

chek. One pole is occupied by large , * • j i_ • i 

entodermai, the other by smaller or may not be accompanied by axial 
ectodermal cells. infolding. In gastropods, planar- 

ians, calcispongae, gephyrea, annelida, fish, birds, and arthropods 
the difference is great and appears early. In echinoderms, most 

' There is not a single satisfiictory description known to me of the process of the so- 
called delamination and I feel a very great skepticism as to its being an actual occur- 
rence. It is certainly at most a very rare and probably secondary modification of seg- 
mentation. It does not occur among vertebrates. 
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coelenterates, some sponges, in nematodes, amphibians, etc., it 
is less marked and appears later. 

In most cases the entodermic cells are very decidedly larger 
and less numerous than those of the ectoderm. This distinction 
is obviously necessary on account of the mutual relations of the 
two primitive layers. The ectoderm has to grow around the 
entoderm, which it can do only by acquiring a greater superficial 
extension; this the ectoderm accomplishes by dividing very 
quickly at first into small cells. Afber the entoderm is fully en- 
veloped it may then continue to grow until its superficies is much 
greater than that of the outer layer, within which, however, it 
still finds room by forming numerous folds ; thus is gradually 
reached the condition in the higher adult animals, where the in- 
testine sometimes has an enormous surfiice, but is, nevertheless, 
contained in body-walls covered by ectoderm presenting much 
less surface. It is, therefore, only during the early stages of seg- 
mentation that we find the entoderm expanding more slowly than 
the ectoderm. 

The terms holoblastic and meroblastic are applied to ova accord- 
ing to their manner of segmentation. The first is employed for 
those ova in which there is either very little or only a moderate 
amount of yolk, so that the whole of the ovum splits up into 
distinct masses (cells) which enter into the composition of the em- 
bryo. The second designates ova with a 
very large amount of yolk, so that while the 
protoplasm from which the ectoderm arises 
divides rapidly into distinct cells, the ento- 
dermal portion merely develops nuclei at 
first, with the result that while one portion 
of the egg is "segmenting," another portion 
(the entodermal) remains unsegmented, so 
far as the external appearances are concerned. 




Eggs, then, with much yolk undergo the ^^^^^ ^^^ .^ ^^ 
so-called partial segmentation; hence the development of EcMno- 



Fig. 16. 

cardium cor datum, after 

adjective meroblastic, Seienka. 

Whatever the exact mode of segmentation, there results always 
the same type of organization, to which Minot has applied the 
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term diaderm ; it is characterized by consisting of two plates of 
cells, differing in character, joined at their edges (ectenal line), 
and surrounding a central segmentation cavity : the two plates or 

laminae are the two primitive 
germ-layers, the ectoderm and 
entoderm. The earliest form of 
the diaderm is that known as the 
blasttda, as Haeckel has fel- 
icitously named the first larval 
form of the lower animals. In 
the blastula we have a simple 
epithelial vesicle, the cavity of 
Fig. 17. which is the large segmentation 

Na?J:::*"rrX>iSti';.''"'^'°'^~*°' cavity (Rg. 16); the epithelial 
layer is one cell thick and divided into two regions, the one com- 
posed of smaller cells is the ectoderm, Ec, and the other, of larger 
cells, is the entoderm, en. This stage occurs with sundry modi- 
fications in a great many invertebrates. These modifications are 
due principally to the increase in the size of the entodermic cells, 
which, as already pointed out, results from 
the increase of the yolk matter in the ovum. 
Thus in many mollusks the entodermic 
cells are very large, and at first, few in num- 
ber, (Fig. 17). By a still further modifica- 
tion the cellular yolk is replaced by a mass 
rich in deutoplasm, but not divided by cells, 
while at the same time the segmentation 
cavity is reduced by the invasion of the yolk 
mass. This is well exemplified in the ova 
of many arthropods, (Fig. 18). We have 
in this case the blastula type still evident, scctioroTthc ovum of 
although the entoderm has at this stage no OnUcus muraruu; 9^x 

^ ^ BobreUky. Bl, blasto- 

trace of its epithelial structure. In verte- derm: ^.vitcUusoryoik 

representiiig tbe entodenn. 

brates we have the additional modification 
that cells are several layers deep in the ectoderm, and primitively 
in the entoderm also,— compare the section of the frog's ovum 
(Fig. 4). In certain forms, as we have seen, the entoderm is not 
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divided into discrete cells, but remains one mass; this is the case 
in elasmobranchs and the amniota, but in the highest amniota 
(Placentalia) the yolk is lost and the entoderm is again represen- 
ted by a single layer of cells (Fig. 13). 

It seems to me evident that the first step of development in the 
segmenting ovum is the differentiation of the two germ-layers, ecto- 
derm and entoderm, resulting in the diaderm stage, Diaderm is 
a term preferable to blastula, because the latter is applicable 
strictly only to a special larval form, while the former is a general 
term which refers to the essential differentiation at this stage. It 
is important to remark that the two layers are distinct in the 
diaderm or blastula stage ; it is often erroneously affirmed that 
the blastula consists of a uniform layer of cells, part of which 
subsequently becomes the entoderm. 

The segmentation cavity comprises the whole space between 
the entoderm and ectoderm ; it is very early invaded by cells pro- 
duced from the two primitive germ-layers. These cells are in 
vertebrates of many kind^, and enter the segmentation cavity at 
various periods. It is customary to group the cells which enter 
early into this cavity under the common name of mesoderm, and 
to consider them as a third and distinct germ-layer. For con- 
venience we may adopt this custom, for, to a certain extent, the 
mesoderm of authors is a separate germ-layer, but it by no means 
includes all the tissues which occupy the space between the two 
primitive germ-layers. As the space between the entoderm and 
ectoderm is always homologous with itself it follows that the 
entire room between the epithelium (entoderm) of the digestive 
tract and its appendages on the one side, and the epiderm on 
the other, is homologous with the segmentation cavity. 

The mesoderm of authors comprises three tissues: (i), free 
wandering cells {mesamcsboids) ; (2), embryonic connective tissue 
or cells connected together by processes {mesenchyms) ; (3), epi- 
thelium, which forms two or more separate sacks. The origin of 
the mesoderm and the relations of the three tissues it contains do 
' not fall within the scope of this article. 

The Gastrula theory, — In invertebrates with holoblastic ova the 
blastula passes into a stage known as the Gastrula, Gastrula is, 
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properly speaking, a new name for a larval form called Planula 
by older writers ; but the term is now generally employed to de- 
signate an ideal embryonic stage supposed to be common to all 
multicellular animals. 

The blastula changes into a gastrula by a process of invagina- 
tion. The entodermal area of the blastula flattens out, the ecto- 
derm meanwhile expanding by multiplication of its cells ; after 
flattening, the entoderm turns inward, forming at first a shallow 
cup, then a pit which has an opening or mouth, the rim of which 
is the ectental line. The larva is now a double sack, and has an 
external wall or ectoderm, and an internal wall or entoderm ; the 
entodermic cavity is entirely distinct from the segmentation cavity. 
The process of gastrulation is here described as it occurs among 
the lower invertebrates. 

T)T)ical gastrulae are the free swimming larvae of many marine 

invertebrates. We may 
take as an example that 
of a sea-urchin, (Fig. 19). 
The larva is round; at 
one pole it has an open- 
ing, M, the gastrula 
mouth leading into an 
internal cavity; as this 
is a free swimming larva 
it is provided with long 
cilia for organs of loco- 
motion ; the cilia in many 

_, gastrulas are distributed 

Fig- 19- i. . . 1. 

Section of a gastrula of Toxopneustus hvidus, ovcr limited areas or they 

!?^SJSr''*i/m'om}r'^^'™' ^' ^""^^^^ ^^y ^ wanting alto- 

gether. The larva con- 
sists of a double sack, — a larger outer one of small epithelial cells, 
eCf the ectoderm ; and a much smaller inner sack composed of 
larger entodermal epithelial cells, en ; at the mouth, M, of the inner 
sack the two layers are continuous with one another; in the space 
between the two sacks, which corresponds to the segmentation 
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cavity, are a few scattered cells, the first members of the meso- 
derm, mes. 

The entodermal sack of the gastrula is known as the archen- 
teron; other terms are also in use, e,g., mid-gut, coelenteron, 
Urdarm, etc. The opening is known as the gastrula mouth 
(archistome, Urmund, etc.). The ccelenterates preserve the gas- 
trula organization throughout life, but in all higher classes the 
archenteron gives rise, not only to the permanent digestive tract, 
but also to many appendages and derivatives thereof; and more- 
over the gastrula mouth closes over, and in vertebrates the true 
mouth is an entirely new formation which arises without any con- 
nection whatsoever, so far as known, with the gastrula mouth. 
By gastrulation the ectental line becomes the rim of the gastrula 
mouth. 

A line passing through the centre of the mouth and the 
opposite pole of the gastrula is the so-called axis. Now if the 
mouth be elongated, there would at once be a new longitudinal 
axis marked out, and the gastrula would become bilaterally 
symmetrical. If, further, the mouth is pulled out into a slit, and 
in the process of evolution the lips come together and unite in 
their middle part, the animal would still have the two ends of the 
original mouth left open, and would so acquire two apertures to 
its archenteron, one anterior to serve as mouth, and one posterior 
to serve as anus. This hypothesis of the conversion of a gastrula 
into a bi-laterally symmetrical animal by the elongation of the 
mouth and concrescence of the lips or ectental line, was first 
suggested, so &r as I am aware, by Rabl, j6, A very perfect 
exemplification of the process is afforded by the developing 
ova oi Peripatus capensis as shown by Balfour, j, and Sedgwick, 
^j, PL XXXII. Figs. 23-26. There are, however, serious difficulties 
in applying the theory to bilateral invertebrates. I am strongly 
inclined to think that further research will obviate these diffi- 
culties. 

In certain vertebrates and annelids the concrescence of the 
ectental line has been clearly demonstrated, but the process is 
rendered by secondary modifications much more complex than 
that described in the preceding paragraph. 
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The Gastrula theory is that all metazoa have a common in- 
herited stage of development, which follows immediately after 
the diaderm ; this stage is characterized by there being an outer 
ectodermal sack with a perforation, to the edge of which is 
attached the entoderm, which forms a closed inner sack, the 
archenteron. 

The term gastrula was introduced by Haeckel, and is now 
universally used by embryologists. The discovery of the im- 
portance of the gastrula is due to the brilliant researches of 
Kowalewski on various invertebrates, including Amphioxus, then 
supposed to be a vertebrate. Haeckel then seized upon the idea 
of the gastrula, and wrote an essay, -?/, upon it, which from its 
brilliant style attracted much notice, and did much to direct 
attention to the important discovery of Kowalewski. Although 
Haeckel indulged his fantasy unduly, and was misled into 
speculations which are now unheeded and almost forgotten, he 
did great good by starting the interest of zoologists in the right 
direction. By a remarkable coincidence Lankester published an 
essay, j/, of a purport very similar to Haeckel's, at about the same 
time. A great deal remains to be done before the gastrula 
theory of evolution can be fully established, for there are many 
&cts not brought into accord with the theory in its present form. 

The gastrula, like the dia- 
derm, varies greatly, the chief 
modifications depending on 
the amount of yolk present ; 
this is illustrated by the ac- 
companying diagrams, (Fig. 
20). The mesoderm is in- 
tentionally omitted; A cor- 
responds to such a larva as 
Fig. 19; the difference in 
size between the two sets of Dia 




Fig. 20. 



iamms of the princii>al modificatiofis of the 
,, ... , . .« . gastrula (see text), ^ ^ represent sections. 

cells is slight but evident. 

In B the difference is more marked, and fairly represents a gas- 
trula of Amphioxus. In C the difference is very jg[reat, and 
corresponds to that observed in certain gastropod larvae. In 
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D the inner set is no longer separated into distinct cells, although 
there are a number of nuclei, each of which marks the centre of 
a future cell ; in such instances we must regard the whole inner 
portion as not yet transformed into a definite entodermic cell- 
layer. This figure is particularly instructive, because it shows 
that what we call the yolk is not something distinct from the 
germ, but really belongs to the inner layer of the embryo. E 
shows a similar egg, in which the outer set of cells has not yet 
grown around the yolk. F shows the same egg, not in section 
but seen from the outer surfece. 
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This paper arose not as the result of a special investigation, 
but as the outcome of general studies undertaken in connection 
with the preparation of a Treatise on Human Embryology, For 
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such a work, knowledge of the foetal envelopes seemed espe- 
cially important. I was thus led to examine them, and found 
in so doing that the structure of the parts differed in many re- 
spects from what had been assumed. The rabbit's uterus was 
examined in the hope of obtaining light as to some of the 
changes in the human uterus, but the differences are so great 
that little help was gotten ; but on the other hand I was brought 
to a conception of the changes in the rabbit's uterus so funda- 
mentally different from the views of previous writers that I was 
induced to carry my observations far enough to make sure of 
the essential alterations. The following communication is there- 
fore in no sense monographic, but only supplementary to the 
work of others. My own work has been accomplished by the 
aid of a grant from the American Association for the Advance- 
ment of Science, without which it could not have been carried 
out. The recipient of such aid naturally wishes to publish what 
he has accomplished, since such a publication is the most fitting 
acknowledgment of the assistance enjoyed. I feel my obliga- 
tions to the Association the more deeply because the grant is the 
first made from its Research Fund. May I express the hope 
that that fund will be largely increased, and the Association en- 
abled to make numerous grants to other workers, for in so doing 
it will do more for the promotion of science than, I believe, by 
any other means whatsoever. 

I. RABBIT. 

The observations here recorded were made upon pregnant 
uteri of the rabbit at various intervals from the sixth to the 
fifteenth day of gestation, both inclusive. The uteri were cut 
out carefully, stretched very slightly, and the ends of each uterus 
tied to an iron rod; the specimens were then hardened in 
Kleinenberg's picrosulphuric acid, according to the directions 
given in Foster and Balfour's Embryology, 2d ed. pp. 425, 426. 
Although this reagent worked fairly well, and preserved the 
histological elements of the uterus and of the older embryos 
satisfactorily, it failed to preserve the blastodermic vesicles in 
uteri of six and seven days ; and in the older specimens, after 
hardening, the extra-embryonic foetal membranes were somewhat 
rumpled. Owing to the great difficulty of obtaining doe-rabbits 
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in Boston, and their consequent high price, I have been unable 
to experiment with other methods of hardening. The speci- 
mens after hardening were for the most part stained in toto with 
alum cochineal and eosine, imbedded in paraffine and cut into 
serial sections with an automatic microtome, made by Herr G. 
Baltzar of Leipzig. 

§ I. Uterus at six days and three hours. — The position of 
the ova is recognizable externally, being marked by a very slight 
protuberance on the free side of the tubular uterus. Transverse 
sections show that there is a considerable dilatation of the uter- 
ine cavity, corresponding to the swelling ; the walls are consid- 
erably thinned out by stretching. The glands are much altered, 
otherwise there is no striking change in the uterine structure. 
The shape of the glands varies, but everywhere their cavities 
are very much expanded, and the epithelial linings of adjacent 
glands are separated only by very thin connective tissue parti- 
tions ; on the side of the mesentery the glands are distinctly 
tubular, and grouped on folds of the mucosa ; the relations of 
these folds are described in the next section. On the opposite 
side of the uterus, that is, away from the mesentery, the glands 
are short, with wide cavities, constituting a series of irregular 
ampullae with wide mouths. The epithelium is thickened every- 
where ; it stains deeply, and has enlarged nuclei ; it has many 
intercellular vertical fissures, and therefore a good many of the 
cells are separated from their neighbors ; adjacent cells project 
unequally, rendering the surface of the epithelium irregular. 
The change in the epithelium is greatest opposite and least 
near the mesentery, but is everywhere similar in kind, though 
varying in degree. 

I am unfortunately unable to state anything in regard to the 
relations of the ovum, owing to the failure of its attempted 
preservation in my specimens. 

§ 2. Uterus of seven days and three hours. — The placental 
swellings are well marked as smooth, rounded bulbs only a little 
larger in diameter than the unaltered uterus between the swell- 
ings, and not projecting at all on the mesenterial side of the 
uterus. Transverse sections show at once the changes which 
have taken place. As is well known, the rabbit's uterus has six 
longitudinal folds, symmetrically disposed ; the line of insertion 
of the mesentery (mesometrium or broad ligament) corresponds 
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to the space between two folds, which alone participate in the 
formation of the placenta ; accordingly we may designate them 
as the placental folds. In the region of the swellings the 
placental folds are already hypertrophied, and form a marked 
contrast to the opposite side, where the folds have completely 
disappeared, and their glands have become shorter and some- 
what contorted; the two lateral folds are intermediate in ap- 
pearance. In the placental folds there is a great increase in 
the connective tissue, which consists solely of anastomosing 
cells, forming a loose meshwork of very granular protoplasm, of 
which only a small amount is accumulated around each nucleus. 
Described in other words, the cells are small, granular, with long 
processes continuous with those of adjacent cells. The glands 
extend only a short and nearly uniform distance down from the 
surface of the folds; the glands themselves are somewhat 
dilated ; their epithelium stains deeply ; its free surface is quite 
irregular; the nuclei are greatly increased in number, and lie 
crowded throughout the whole thickness of the layer ; the nu- 
clei are round or oval in outline, with a well-marked reticulum 
densest superficially. In many places the nuclei are grouped, 
three, four, or five together, and sometimes one can distinguish 
a distinct outline around the group. These appearances I in- 
terpret as evidence that the nucleus of each cell proliferates, 
rendering the cell multinucleate. The blood-vessels are like- 
wise hypertrophied in the placental folds, and to a less extent 
in the adjacent folds, but not at all in the folds opposite the 
placenta. In the placental folds there are larger blood-vessels 
running for the most part longitudinally, and all situated in the 
zone next the muscularis ; between this zone and the glandular 
layer, the blood-vessels are, on the contrary, all of small calibre, 
most of them taking a more or less radial course, and lying ap- 
proximately in the plane of the transverse sections. All the 
blood-vessels of the mucosa have, so far as I have observed, the 
character of capillaries, for they consist of merely an endothe- 
lium without adventitial or muscular envelope, although some 
of them are many times the diameter of ordinary capillaries. 
The blood-vessels of the placenta of the Guinea pig are stated 
by Creighton, 77a, p. 544, to have the same character. There 
is a single layer of connective tissue cells condensed around the 
vessels, and representing the commencement of the perivascu- 
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lar decidua] cells, though the cells themselves scarcely di£Fer 
yet from the ordinary connective tissue cells between the 
vessels. 

We find at this stage all the regions of the placental swell- 
ingSy to be found in later stages, already definitely marked out. 

These regions are as follows : — 

1, Placental : subdivided into 

Aj glandular zone, 

B, sulhglandular vascular zon$ with (tf), sub-glandular 

zone with small vessels (^), outer zone with 

large vessels. 

2, Peri-placental. 

3, Ob-placental. 

Each of these regions comprises two folds of the mucosa, 
viz. : the placental^ the two folds next the mesentery ;^ the peri- 
placental^ the two lateral folds ; and the ob-placental region, the 
two folds opposite the mesentery. The three zones of the 
placental area persist and become much more marked in later 
stages, owing to the great divergence of the processes of his- 
tological differentiation in each zone. Of the two vascular 
zones, the sub-glandular is characterized later by its very large 
multinucleate cells, while the outer zone is characterized by its 
crowded uninucleate decidual cells. All the regions and their 
subdivisions will be perhaps better understood by the descrip- 
tions and figures of the nine days' uterus. (See below.) 

In my specimens, although the uterus seemed to be very well 
preserved, the blastodermic vesicles were completely shrivelled 
up ; hence I could make no observations as to the relations of 
the embryo to the uterine wall. 

§ 3. Uterus of eight days and three hoars* — It is un- 
necessary to describe the appearances at this age in detail, 
as they have been described already with admirable clearness 
and exactitude by Masquelin and Swaen, W^ 25-30. I have 
therefore only to confirm their account and refer to certain 
points on which my observations extend or differ from theirs ; 
it is also necessary to describe the extra-placental structures, 
which are left out of consideration by Masquelin and Swaen. 

1 Although this use of the tenn mesentery is etymologically indefensible, it seems 
pennissible, and not likely to lead to misunderstanding any more than the etymologi- 
cally indefensible terms cell, endothelium, terminology, etc, etc. 
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The connective tissue is but little altered from the condition 
at seven days ; it has the same adenoid character ; the cells are 
elongated in directions more or less parallel to one another, and 
the appearance of the protoplasmic reticulum therefore varies 
according as the section passes at right angles or parallel with 
the long axes of the cells ; in the former case the meshes are 
smaller, in the latter larger and longer. The perivascular cells 
have g^own ; Masquelin and Swaen trace their origin to a meta- 
morphosis of the connective tissue cells, in doing which I en- 
tirely agree with them ; these authors likewise describe fibrillar 
in the connective tissue, but in my preparation I can find none, 
nor from what we know of the structure of the mammalian 
uterus is it probable that any are present ; in regard to this 
point I think that Masquelin and Swaen's account needs recti- 
fication. 

The placental blood-vessels have increased in size, and, I 
think, in number; their epithelium, particularly in the larger 
vessels, is decidedly thickened. 

The uterine epithelium has entered upon its complex degen- 
erative metamorphosis — most of the changes have been seen 
and correctly described by Masquelin and Swaen for the pla- 
cental area. They conclude that the changes lead to a new 
formation of blood corpuscles out of the substance of the epi- 
thelium. My own observations oblige me to regard the changes 
as phases of a hyaline degeneration with hyperplasia of the 
degenerating elements, and having nothing to do, therefore, 
with blood formation. In all parts of the uterine dilatations the 
epithelium is considerably thickened (Plate XXVI., Fig. i). The 
thickening is due to the enlargement and fusion of the epithelial 
cells, and this enlargement of the cells is due to the prolifera- 
tion of the nuclei and to the growth of the protoplasm, which 
begins later and continues longer (as later stages show) than 
the multiplication of the nuclei. That the nuclei multiply 
within each cell can be distinctly seen in my specimens of this 
age ; the same fact has been observed by Masquelin and Swaen. 
The growth of the protoplasm is more properly described as an 
enlargement, due to degenerative metamorphosis. As to the 
nature of this metamorphosis I am unable to speak with much 
precision. The substance presents a very granular appearance, 
and possesses a slightly greater affinity for coloring-matters 
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than the unaltered protoplasm. Examination with an apochro- 
matic oil immersion shows in some parts of the degenerated 
epithelium a distinct network, the threads of which are rather 
coarse and hyaline in appearance. In default of chemical and 
further microscopic examination we may accept the hypothesis 
that the degeneration consists in direct change of the pro- 
toplasmic reticulum into hyaline substance, accompanied by 
thickening of the reticular threads. The degeneration of the 
epithelium has progressed much further over the non-placental 
area than elsewhere, and much less over the placental area: 
the peri-placental regions are in an intermediate stage. 

It is also important to note that the deep portions of the 
glands are nowhere degenerated. The glandular layer may be 
divided accordingly into an upper degenerated zone and a lower 
not degenerated zone. 

In the placental area there is no stretching of the tissues, and 
accordingly the glands retain their tubular character. The 
nuclei fill up most of the epithelial layer ; there are three, four, 
or even five, in each cell in the upper part of the gland ; the cells 
of the fundi are but slightly altered from their usual appearance. 
The embryo is attached to the maternal placental surface only 
by the ectoderm, without any participation of the other germ 
layers, direct or indirect, so far as I can observe. That portion 
of the ectoderm which is soldered to the uterus is very much 
thickened, in marked contrast to all other parts of the layer. As 
shown in Fig. i., PI. XXVI., the placental ectoderm runs over 
the surface only of the placenta, and stretches straight across 
the mouths of the glands, shutting them completely; it 
does not dip down into the glands at all, and possesses no villi 
whatsoever. On the surface, between the glandular orifices, 
the uterine epithelium, already degenerated, is clearly distin- 
guishable. 

In the other regions the stretching of the walls stretches the 
glands also, and of course proportionately to the extent of the 
strain ; hence, in the non-placental area the glands become slits 
running parallel to the surface, and in the peri-placental part 
become wide cavities. The upper zone of the peri-placental 
glandular layer has its epithelium changed into a very thick 
layer, and beginning to undergo resorption, as evidenced by the 
presence of cavities. As we follow round towards the non-pla- 
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cental area, the evidences of resorption are greater, and over the 
area itself a large part of the upper glandular zone has disap- 
peared altogether. Similar relations are found in the uterus of 
nine days, from which the drawings have been taken. For the 
sake of greater clearness, and to avoid repetition, we pass at 
once to the next stage. The fact that I have found the uterus 
at eight days so much nearer in its stage of development to that 
of nine than to that of seven days, may be attributed to acci- 
dental variations. 

§ 4. Uterus at nine days and three hours. — Fig. 2, PL 
XXVI., represents a transverse section through a swelling. The 
attenuation of the walls everywhere, except in the placenta, is 
very marked, and affects both the outer and inner muscular 
layers, Im^ cm^ and the mucosa, muc. In the placental region, 
P/, on the contrary, the walls are thickened ; the placenta itself 
is formed chiefly by the hypertrophy of the connective tissue of 
the two longitudinal folds nearest the mesentery, mes: the 
superficial glandular layer, gU owing to its deeper staining, is 
readily distinguished even by the naked eye ; each lobe of the 
placenta is imperfectly subdivided into two lobules ; the em- 
bryo, in the specimen figured, appears in transverse section over 
the right-hand lobe, directly above the furrow separating its lob- 
ules ; the actual disposition is shown in Cut i ; in Fig. 2 the 
embryonic structures are purposely omitted on account of the 
small scale; to the consideration of the foetal membranes the 
next section (§ $) is devoted. 

The connective tissue of the placenta is already far advanced 
in its metamorphosis, which progresses as described by Masque- 
lin and Swaen. It consists of a rich cellular network. Fig. 3, 
cann^ of which the cell bodies are much larger than in previous 
stages ; these bodies are for the most part elongated, with very 
irregular surfaces, and are, therefore, perhaps best characterized 
as roughly spindle-shaped ; their long axes are more or less par- 
allel with the blood-vessels ; the nuclei are round, oval, or ellip- 
tical, granular, but with a clearer cortical layer, as is usually 
the case in young connective tissue cells: compare Rollett's 
Figs. 4 and 5 in Strieker's Handbuch der Lehre von den Gewe- 
ben^ I., pp. 63 and 65. The processes of the cells are numerous 
and very fine, forming a meshwork, between the cells, of such 
delicacy that it can be followed out only with high powers 
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(4CX>-500 diams.). The observation of the threads of this net- 
work has led certain investigators to assume the presence of 
connective tissue fibrillae. Scattered about in the connective 
tissue are a not inconsiderable number of leucocytes, /, /, /, 
easily recognized by their size and shape, their granular appear- 
ance, deep staining and characteristic nuclei. Around the 
blood-vessels is the perivascular layer of decidual cells, per v, 
which have already been amply described by Masquelin and 
Swaen, Ercolani, Godet, Creighton, and others. Ercolani's 
descriptions, of which the most important to us is that of the 
rabbit at fifteen days,^ 89, p. 278, is far from sufficient. Go- 
det's paper I know only from an unsatisfactory abstract. 
Creighton's account of the perivascular layer in the Guinea pig, 
77a» 544, is also good, and he agrees with the Belgian authors 
in tracing the origin of the cells to the metamorphosis of the 
connective tissue. Ercolani opposed this view and maintained 
that the uterine mucosa is completely destroyed, leaving the 
whole placental tissue of the mother to arise as a new formation. 
My preparations render it impossible to agree with Ercolani, 
since they show all the phases of the metamorphosis. It is only 
necessary to follow, in Fig. 3, the three series of cells numbered 
If 2f 3, 4» each, and to find in all parts of the placenta the same 
appearances ; to see the perivascular layer at six and seven 
days, before it is much differentiated; and finally to see the 
perivascular accretions at later stages, to render inevitable the 
conviction that the perivascular layer is modified connective 
tissue. Neither at this stage nor at any earlier or later one 
have I been able to detect any evidence whatsoever of the re- 
sorption of the connective tissue affirmed by Ercolani, 89. 
Masquelin and Swaen describe multinucleate cells, but I fail 
to find them until later stages. 

The blood-vessels have their endothelial lining considerably 
thickened, each cell for itself, and to its individual degree. Fig. 3, 
Endo ; they are stained by alum-cochineal and eosine more 
deeply than the adjacent decidual cells, from which they are 
sharply distinguished. I am unable to recognize any cells which 
might be interpreted as intermediate stages between the endo- 
thelial and decidual cells, as we should anticipate, were Erco- 

^ The specimen described by Ercolani I consider to have been probably really only 
about thirteen days. 
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lani*s suggestion correct that the decidual cells arise from the 
blood-vessels. The contents of the blood-vessels are blood cor- 
puscles and coagulum ; the blood corpuscles resemble the ordi- 
nary red globules of the rabbit, a point deserving notice in view 
of the change occurring later. There are occasional leucocytes, 
but they are nowhere numerous. 

The two layers of the vascular zone are now distinguishable 
not only by the size of the vessels (not well illustrated in the 
section drawn as Fig. 2), but also by the much greater develop- 
ment of the perivascular cells in the outer zone ; in the sub- 
glandular zone the cells are now not far from their maximum 
development, forming a coat one or two cells thick around the 
vessels ; on the outer zone, on the contrary, the number of lay- 
ers of cells has still to increase very much ; consequently as 
development progresses, the difference between the subglandu- 
lar and outer zone becomes more conspicuous. 

The epithelium and glands repay careful study at this stage. 
The degenerative processes are similar in certain essential re- 
spects in all parts of the uterine swelling. The likeness con- 
cerns five chief points : I^ the deep portions of the glands 
show little change in the epithelium ; 2°, the upper portions are 
very far degenerated ; 3**, the protoplasm of the degenerated 
epithelial cells i^ fused into a continuous thick hyaline mass, the 
growth of which ultimately obliterates the cavity of the glands ; 
4®, the nuclei of the degenerated epithelium multiply enor- 
mously ; 5®, the degenerated tissue is absorbed by progressive 
vacuolization. 

But although these resemblances are dominant, each of the 
three principal regions, the placental, peri-placental, and ob-pla- 
cental, presents now a very distinctive appearance, and has its 
distinctive further history. 

In the peri-placental region, with which we begin, because the 
relations are more obvious there than elsewhere, we find the 
appearances shown in Fig. 4. The line of demarcation from 
the placenta, though not definite or sharp, can be approximately 
determined, but the passage into the ob-placental region is very 
gradual. The most striking feature of the section is the de- 
generated and enormously thickened epithelium, h.ep^ deeply 
tinctured by the eosine, and remarkable for the crowded band 
of nuclei. Within the area of the degeneration the former 
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gland cavities are closed ; the diameter of the glands has enor- 
mously increased^ and in some places two adjacent glands have 
swollen until they have come in contact and fused, the glands 
then forming a network ; in the placental region the conversion 
of the glands into a network goes very far. The distribution of 
the nuclei as at a and b preserves in some parts the original 
grouping in opposite walls of the gland tube ; at other points 
they lie in irregular patches. Secondary cavities, vac^ appear 
at various points ; they are irregular in size, shape, and position, 
and arise by the o-esorption of the degenerated tissue. There is 
probably a certain amount of resorption carried on upon the 
surface against the connective tissue, for that surface becomes 
j^ged and irregular, presenting a corroded appearance, as can 
be seen at various parts of Fig. 4. The vacuolization is, how- 
ever, the principal factor of destruction. As to the manner in 
which the spaces are produced in the heart of the very compact 
layer, my observations give no satisfactory information. There 
are no accumulations of leucocytes either in the epithelial layer 
nor even in the connective tissue (see Fig. 4), in which all the 
cells are copied with approximately entire accuracy from the 
preparation. The only material Ihave ever noticed in the vacu- 
oles is broken-down fragments of the surrounding hyaline tissue 
(epithelium) itself. The hypothesis may be suggested that the 
resorption vacuoles are produced by liquefaction, but the sug- 
gestion calls for no further discussion since there are no direct 
observations to test the validity of the hypothesis. 

The deep portions of the peri-placental glands, Fig. 4,^/, are 
dilated transversely to an extent which has converted them from 
tubes into wide vesicles. Towards the ob-placental region the 
transverse stretching gradually increases. The epithelium differs 
but little from that of the resting utricular glands; it is com- 
posed of cylinder cells with basally placed oval nuclei. 

In the ob-placental region the mucosa is much thinner than 
elsewhere. As we proceed from the edge of the peri-placental 
region towards the pole furthest from the placenta we find that 
the layer thins out and is more advanced in its degeneration. 
Near the peri-placental thickening there is a wide superficial 
layer of degenerated epithelium with the characteristic central 
band of nuclei, but the prolongations corresponding to the 
degenerated gland ducts are short; the deep portions of the 
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glands are oval slits parallel with the muscularis, Fig. 5, gL A 
little further along, the resorptive vacuolization begins, producing 
a curious irregular layer, Fig. 5. The degeneration and vacuo- 
lization is found still further along to have involved the inner 
adjacent wall of the gland vesicles, thus producing the appear- 
ances shown in the left-hand part of Fig. 5, where there are 
shallow cups, g/, of epithelium, each entirely separate from its 
fellows, and all overlaid by the hyaline stratum, A,ep. There is 
usually a dome-like hollow in the degenerated stratum above 
each cup. Since the processes described vary in rapidity, there 
is not a uniform, but only a general, progression of stages towards 
the centre of the ob-placental region. Moreover, the variability 
is great, and the images from different sections and different 
parts of the same section are correspondingly multifarious, but 
the general succession of changes is everywhere the same; hence 
it would be profitless to expand the descriptions. 

The placental glands have preserved their tubular character ; 
they are less degenerated than the uterine glands of the non- 
placental parts ; their walls are less thickened and in most parts 
the glandular cavity is still present. The deep portion of the 
glands are tubes lined by columnar epithelium. For the rest, I 
may refer to the satisfactory description of Masquelin and Swaen, 
114, 30-31, except as to one point. As shown in Cut i, p. 355, the 
ectoderm of the embryo is firmly soldered to the placental surface 
over certain areas. The nature of this connection and the accom- 
panying structural changes in the uterus are illustrated in Fig. 7, 
which has been copied with great care from one of the sections. 
For the sake of clearness, only the nuclei of the connective tissue 
have been drawn in ; the perivascular cells are represented by 
their nuclei and outlines, and the nuclei and cells of the foetal 
ectoderm are given in outline ; but there is nothing diagrammatic 
in the drawing ; of course in the figure the distinction between 
the foetal and maternal tissues is more marked, though not more 
real than in the section ; in fact there is scarcely a cell even on 
the line of junction of the ectoderm with the uterus about the 
assignment of which one could have any doubt, so distinct is the 
texture and the staining of the foetal and maternal tissues. 
This is a matter of importance, as it renders it possible to ascer- 
tain beyond question that there are no villi ; nevertheless their 
presence has been assumed not infrequently. To pass on : 
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where the ectoderm, Fig. 7, Ecto^ touches the placenta, the active 
resorption of the degenerated glands is going on (see the part of 
Fig. 7, above bracket C) ; whereas in other parts the glands pre- 
sent the appearance shown in Fig. 7, A^ gz^ and described by 
Masquelin and Swaen. There is also an intermediate zone 
shown in Fig. 7, above bracket B, where the transition phases 
between the two states are found; the zone of transition lies 
immediately underneath the point where the ectoderm, Ecto^ 
joins the uterine epithelium, h,ep\ here the glands are thick- 
ened and hypertrophied ; the lumen is obliterated, but the cylin- 
drical shape is irregularly preserved ; where the distal end of the 
ectoderm leaves the placenta, there is again a similar transi- 
tion : in other words, the resorption is less advanced around 
the periphery than in the centre of the area of ectodermal 
attachment. The resorptive process is essentially the same 
as outside the placenta, — superficial corrosion and internal 
vacuolization, — but the vacuoles formed are relatively small 
and consequently more numerous : moreover, the space left by 
the disappearing epithelium is at once occupied by connective 
tissue cells, so that there are no cavities. The resorption goes 
on principally in the superficial layers of the placenta, where it 
results, as later stages show, in the complete disappearance of the 
glands immediately underneath the ectoderm ; deeper down the 
glands at the present age are hypertrophied and without lumina, 
but even in the region of bracket C of Fig. 7 (PL XXVII.) most 
of the glands show very few or no vacuoles. 

§ 5. Embryo at nine days and three hours. — It is not pro- 
posed to consider here anything but a few points bearing on the 
relations of the embryo to the uterine walls. 

First, as to the position of the embryo: the dorsal surface of 
the embryo is turned towards the placenta ; the embryo may be 
situated over one or the other lobe of the placenta or across 
both ; its long axis may be either parallel or oblique or at right 
angles, to the long axis of the uterus. In the specimen repre- 
sented in Cut I, both the uterus and embryo appear in trans- 
verse section. Similar variability appears in my specimens of 
uteri of eight days, and of nine days and seventeen hours. The 
statements of Van Beneden and Julin, 44, and other authors,^ 

^ Compare BischofT, Entwickeiungsgesch, d. Kaninchem^ p. 138, and von Baer, 
Entwickelungsgesck. II., 232. 
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lead rather to the supposition that the embryo normally lies 
across the uterus ; but this is true in my experience only of the 
later stages after the embryo is suspended more freely. 

Next as to the extra-embryonic portions of the germ layers : 
my observations compel me to differ as to the composition of the 
walls of the blastodermic vesicle or yolk sack. Sections through 
the middle region of the embryo, Cut i, show an open medul- 
lary groove, Md^ the thickened notochordal band, nch^ of the 
entoderm ; the mesoderm of the Stammsone is undivided ; that 
of the parietal zone is split to form the coelom, Coe, which may 
be followed a considerable distance from the axis of the embryo, 
when the two leaves of the mesoderm again unite into a single 
distal plate, mes^ in which the two layers can be distinguished 
for a certain distance; the distal edge of the mesoderm is 
sharply marked ; the mesoderm is thickened around its margin. 
Beyond the margin the ectoderm and entoderm come into con- 
tact, a\ the former is the thicker layer, being composed of cubical 
cells, while the entoderm consists of very thin broad cells ; the 
two layers continue outwards until, having passed over the peri- 
placental thickening, they reach the region of transition from the 
peri-placental to the ob-placental area, where the ectoderm chang- 
ing to a thin flat-celled membrane is intimately conjoined to the 
degenerated epithelium of the uterus. Where the concrescence 
takes place, the union of the two layers becomes very intimate, 
so that it is difficult to satisfy one's self how much farther the 
ectoderm extends, but apparently it goes completely around, 
forming a closed vesicle, as is generally stated and as is found 
later. Apparently the ectoderm is not involved in the resorption 
of the uterine epithelium, which disappears — but further inves- 
tigation is required. The entoderm of the other hand is readily 
followed, and although somewhat crumpled and torn in the ob- 
placental region of my specimens, there is to my mind very little 
doubt that it forms a closed sack, corresponding to the ento- 
dermic lining of the yolk sack of other mammals. From the 
observations above recorded it is evident that two germ layers 
are readily traced for some distance from the embryo, but that 
beyond a certain line only one layer, the entoderm, is readily 
followed. Now this fact is carefully represented in van Bene- 
den's and Julin's diagram, 44, PI. XXIV., but the membrane 
which stops is there given as entoderm, which, as seen in my 
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specimens, is continued around. It is probable that when 
embryos of nine days are removed, that a portion of the ecto- 
derm remains attached to the uterine wall, and consequently the 
inferior portion of the vesicle is without any ectoderm. Being 
unaware of such a possibility, van Beneden and Julin have 
perhaps represented the single layer left as ectoderm on 
account of the theoretical necessity of an ectodermal cover- 
ing on the e^^ternal or apparently external surface of the ovum. 
The question, therefore, is to be posed: Have not observers 
found two layers up to a certain limit beyond the vena termin- 
alis, and only one layer over the remaining inferior portion of 
the embryonic vesicle, and assumed the single layer to be ecto- 
derm, whereas it is entoderm, and the true ectoderm is left upon 
the uterus, to which it is indissolubly attached? The view I 
advocate brings the further question whether a portion of the 
embryonic ectoderm disappears by being involved in the resorp- 
tion of the ob-placental uterine epithelium. This I think is not 
the case. The intimate adherence of the extra-embryonic por- 
tions of the germ layers to the uterine walls has been carefully 
recorded by Bischoff, Entwickelungs gesch, Kaninchens, p. 131, 
" Vom dem Umkreise der Vena terminalis an ist das Ei [of ten 
days] in die in dieser Lage, etc. . . . und von hier an sind auch alle 
Eihaute so innig unter einander und durch den Uterus vereinigt, 
dass es nicht gelingt sie zu losen." 

The attachment of the embryo takes place as described by 
van Beneden and Julin, p. 402, 403, by an area of thickened ecto- 
derm ; the general arrangement is well shown in Cut i, while 
the fitting together of the foetal and maternal surface is better 
illustrated by Fig. 7, PI. XXVII. The foetal mesoderm does not 
participate even indirectly in this attachment, but runs along 
free from the outer germ layer. The ectoderm, as it nears its 
attachment (see Fig. 7), gradually thickens. Just where it joins 
the uterine surface there are several large cells with very large 
nuclei; appearances which are probably connected with the 
growth of the layer, for beyond the line of the large cells the 
ectoderm is very much thicker. Extremely distended nuclei 
also occur very strikingly in the developing supra-renal capsules, 
and are also there connected presumably with cell proliferation. 
If these suppositions are correct, there is a modified form of cell 
division characterized by dilatation of the nuclei and which 
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deserves special study. Over the area of attachment the uterine 
epithelium, Fig. 7, h.epy is degenerated as before described, its 
surface is extremely irregular, but the ectoderm, EctOy is per- 
fectly fitted to every irregularity, but the free surface (towards 
the mesoderm) is comparatively smooth ; the layer consists of 
two, three, or four strata of cells. Beyond the area of attach- 
ment the ectoderm again thins out. 

As to how the tissues are held together, my observations 
afford no explanation. It seems to me possible that the two 
tissues actually grow together as a grafting unites with a bough ; 
but for aught we know it may be by some other process, perhaps 
simple agglutination. The thickening of the ectoderm I am in- 
clined to regard as degenerative, and therefore somewhat com- 
parable to the degenerative thickening of the uterine epithelium. 
I am brought to this view by no conclusive observations, but 
chiefly by two facts : i®, that in later stages the ectoderm seems 
to have disappeared over the greater part of the placenta (see § 
7. Uterus of eleven days) ; 2^ hyperplasia is often the com- 
mencement of degeneration, as is jfamiliarly known to patholo- 
gists. To this evidence may be added the appearance of the 
ectoderm at nine days and seventeen hours, which I interpret 
as indicative of degeneration. 

§ 6. UteroB of nine days and seventeen hours. — In my 
specimen there are not many changes from the previous stage 
last described, but of these changes the following deserve special 
mention : i^ the commencing formation of perivascular decid- 
ual cells in the peri-placenta ; 2**, the reconstitution of the ob-pla- 
cental epithelium; 3^ the formation of the true chorion; 4^ 
changes in the extra-embryonic ectoderm; 5", the contents of 
the placental blood-vessels. 

1*". The peri-placenta is still only a small bolster at the side of 
the placenta ; its glands are still recognizable and its blood-ves- 
sels are more conspicuous ; the connective tissue cells are en- 
larged and have begun to form more or less distinct coats around 
the blood-vessels. I feel assured that the decidual cells arise 
here in the same way as those of the outer zone of the placenta ; 
the cells in the two parts appear to me identical in character as 
soon as they attain their full development, and to differ only 
in the period during which their development takes place ; later 
on. Fig. 8, PI. XXVIII., the peri placenta forms, together with 
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the outer zone of the placenta, a continuous layer of uninucleate 
decidual cells, extending over half the uterus. 

2®. In the ob-placental region the degenerated portion of the 
uterine epithelium is almost completely resorbed around the 
pole opposite the placenta, (compare Figs. 4, 5, and 6). Fig. 6, 
taken from an older stage, in which the phase existing at nine 
days and seventeen hours at the pole is found near the peri-pla- 
centa, illustrates the manner in which the patches of unaltered 
epithelium, gl^ of Fig. 5, gjrew together by the union of their 
edges into a continuous sheet of epithelium, Fig. 6, gl^ forming 
a series of shallow cups, widely open. 

3**. The chorion of mammals, as I have defined it elsewhere, is 
" the whole of that portion of the extra-embryonic somatopleure 
which is not concerned in the formation of the amnion." * The 
term is not applicable until the mesoderm has united with the 
ectoderm in the region outside the embryo to form a single mem- 
brane : such a union has now taken place ; the thickened pla- 
cental ectoderm is coated by a thin layer of flat cells, epithelial 
in character and with bulging nuclei. These cells represent the 
lining of the body cavity, or, as this lining is conveniently called, 
mesothelium. The mesothelium, and consequently the ccelom, 
extend a slight distance beyond the edge of the placenta; the 
mesothelium then bends over onto the yolk sack, of which it 
becomes the vascular coat, and then runs towards the embryo ; 
the vascular coat has a large vessel, sinus Urminalis, near the 
end of the ccelomatic space, and the mesoderm stretches a short 
distance beyond away from the embryo. The ectoderm, on the 
contrary, extends beyond the end of the mesoderm away from 
the embryo over the rest of the yolk sack. Thus the yolk 
sack, as is well known, comprises two parts, one near the em- 
bryo with walls composed of entoderm covered by mesoderm, 
and away from or opposite the embryo, with walls composed of 
entoderm covered by ectoderm ; compare the clearly expressed 
summary of the relations in the rabbit given by Balfour in his 
Comparative Embryology^ II., 199, 200. 

4**. The ectoderm of the embryo presents the same general 
arrangement as at nine days. The area of thickened entoderm, 
however, which is attached to the placenta has changed in ap- 
pearance ; at nine days and three hours each cell outline was 

^ Wood*8 Reftr€H€t Handbook of the Medical Sciences, 11., 143; article, Ckarion, 
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distinct, and the protoplasm around each nucleus dense and 
finely granular ; now the cell outlines are hard to follow and the 
picture is confused by broader lines of hyaline matter, which is 
colored by the eosine ; the nuclei are enlarged, the protoplasm 
is more coarsely and more irregularly granular, and somewhat 
vacuolated. The characteristics enumerated concord with the 
idea that degeneration is going on, — an idea suggested, also, as 
before stated, by the failure to find this part of the ectoderm in 
later stages. 

5*. The blood-vessels show increased hypertrophy of their 
epithelium, and the perivascular cells form two or three layers 
around them ; they are especially remarkable for containing a 
very large number of multinucleate leucoc)rtes and comparatively 
few red corpuscles. The excessive abundance of white globules 
continues up to the oldest stage I have examined (sixteenth 
day). The predominance of nucleated corpuscles causes the 
contents of the maternal vessels to resemble fcetal blood when 
examined with a low power ; with high magnifications the dif- 
ference is evident. To the fcetal blood in the placenta we shall 
have to recur. 

§ 7. Uterus at eleven days and three hours. — Very great 
changes have taken place — so great that they cannot be under- 
stood completely until some of the intermediate phases are 
studied. Want of suitable material has hitherto prevented my 
doing this. At the present stage — the beginning of the 
twelfth day — the placenta is distinctly pedunculate, and there 
is consequently a circular cleft between its sides and the closely 
adjacent peri-placenta; in the middle of the placenta a deep 
fissure corresponds, of course, to the space between the two 
folds of the uterus, out of which the placenta is developed, and 
therefore runs lengthwise of the uterus. The allantois has ac- 
quired considerable size and is attached to the surface of the 
placenta, from which the ectoderm has disappeared. The 
glands of the placenta are very far degenerated and altered ; in 
the sub-glandular zone the multinucleate cells have appeared, 
and in the outer zone the perivascular cells have increased so as 
to occupy nearly all the space between the vessels. In the peri- 
placental and ob-placental regions, the modifications are equally 
noteworthy. Such, in brief, are the more striking changes. 
Let us consider them with greater detail 
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The diagram on PL XXIX. will enable the reader to follow the 
ensuing descriptions. The general explanation of the diagram 
is given in the next section. 

The placenta is shaped somewhat like a mushroom : it has 
a very thick stalk, with a somewhat broader top. The top is 
bilobate, there being a deep fissure between the two lobes ; this 
fissure persists at thirteen days (Fig. 8,/) ; its fundus is the sub- 
placenta (Ercolani's cotyledonary organ). The sides of the 
fissure are, of course, part of the surface of the placenta, mor- 
phologically speaking, and bear glands. The three zones of the 
placenta are well marked. In the outer zone the blood-vessels 
are very wide, with thickened degenerated epithelium ; the peri- 
vascular cells occupy the entire space between the vessels in all 
that part of the zone towards the muscularis and most of the 
space in the part towards the glands. Next to the sub-glandular 
zone, therefore, we see the vessels surrounded, each by its sep- 
arate thick perivascular coat, while the intervening tissue still 
consists of anastomosing cells, like those which in earlier stages 
occupied more of the space and which formed the only packing 
between the vessels at six days. The blood-vessels convert the 
layer, by their enlargement, into a spongy tissue, which has been 
described not only in the rabbit, but in other rodents ; the ves- 
sels themselves have been generally described as glands, but 
the study of their development renders doubt as to their true 
character impossible. The vessels are partially empty in my 
preparations, but they contain very numerous leucocytes, nearly 
all of which have several nuclei apiece, which are conspicuous 
from their dark staining : there are a few red globules and here 
and there a little coagulum. As the corpuscles of the embryo 
are large nucleated bodies, there is no difficulty in distinguishing 
the foetal from the maternal blood, even in the upper part of 
the placenta, where the two circulations are juxtaposed. The 
middle or sub-glandular zone has undergone greater changes still. 
In it, as likewise in the glandular zone, the perivascular cells have 
almost entirely disappeared,* but they are, as it were, replaced 

1 This statement is perhaps not correct. There are certain spaces surroanded by 
epithelial or epithelioid cells to be seen in the upper part of the sab-glandular and in 
the lower part of the glandular zone; these spaces I have interpreted as parts of the 
glandular system, but they are perhaps maternal vessels with perivascular cells. The 
uncertainty as to their character could be probably removed by the examination of 
the ten days' placenta, which presumably offers the intermediate stages. 
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by multinucleate cells (compare Fig. 14, PL XXVIIL, of these 
cells from an older placenta) ; their origin appears to be due to 
the development of clusters of connective tissue cells, which lie 
scattered about between the blood-vessels ; each cluster consists 
of from three to six cells lying together and connected on the 
one hand by short processes with one another, and on the other 
by longer processes with the cells of adjacent clusters. The 
larger clusters are separated by membranes from one another, 
and thus every cluster becomes enclosed in a membrane and ap- 
pears as a multinucleate cell. The development of these cells 
would doubtless repay more accurate investigation. The multi- 
nucleate cells do not yet form a continuous bed under the 
placenta, but are divided into parts by masses of very loose 
connective tissue. At the base of the fissure between the two 
lobes of the placenta the glands have almost entirely disap- 
peared, but we still find a few unresorbed fragments of their 
degenerated epithelium; these fragments are conspicuous by 
their very deep staining, both of the hyaline substance and of 
the nuclei : the neighboring tissues are less colored. The fissure 
itself is like an inverted X ; that is, it is transversely expanded 
at the base ; the floor of the expansion is thrown up into folds 
and covered by a cylinder epithelium, which I feel some hesita- 
tion in designating as the regenerated uterine epithelium, al- 
though it resembles the epithelium on the peri-placenta, where 
the glands are resorbed and the epithelium reconstituted from 
its degenerated self. On the other hand, as shown in the next 
section, there is some proof that the foetal ectoderm penetrates, 
by villous growths, far into the placenta. It seems possible that 
the fissure is filled by villous excrescence of foetal origin and 
that the epithelium of the sub-placenta belongs to the villus. 
This view does not commend itself to me. Neither upon the 
upper wall of the expansion nor on the sides of the fissure have 
I recognized any epithelium. The upper part of the fissure is 
closed by an ingrowth of connective tissue. Hence the lower 
part is changed into a shut cavity in the centre of the placenta, 
and into this cavity the folds covered with epithelium project. 
So far as I am informed, this curious structure has not been 
described hitherto, but what appears to be clearly its homologue 
has been observed by Ercolani, 89, pp. 290, 291, Tav. IV., Fig. 
I., O, and specially studied by Creighton, 77b. Both of these 



Digitized by 



Google 



362 MmOT. [Vol. II. 

authors examined late stages when the fissure is completely 
filled by connective tissue, so that there is no space — a condi- 
tion found in the rabbit at thirteen days. It will be convenient 
to designate the structure as the sub-placenta. Its occurrence is 
confined to rodents so far as at present known. Finally, we 
have to note that at the edge of the placenta, toward the peri-pla- 
centa, the sub-glandular layer, which we are now considering, is 
characterized by the presence of deeply stained fragments of 
glandular epithelium irregularly scattered through the other 
tissues and similar in appearance to the remnants of the glands 
about the sub-placenta. These fragments appear to have been 
seen by Ercolani, Creighton, Masquelin, Swaen, and others, and 
variously interpreted, their true nature not being recognized. 
The disappearance of the glands at the centre and at the 
periphery of the placenta virtually increases the domain of 
the sub-glandular layer. The greatest changes have occurred 
in the glandular layer. Scarcely a trace of the perivascular cells 
can be found; the space they formerly occupied is taken up by 
a very loose embryonic tissue ; the glands are completely altered ; 
they have lost their special affinity for eosine and cochineal, 
neither the hyaline substance of which they are composed nor 
the nuclei they contain being more stained than other tissues 
(compare Fig. 8) ; they are irregularly cylindrical in shape, very 
much contorted, and united with one another at irregular inter- 
vals, so as to constitute an actual network: they are very much 
vacuolated ; their deep portions (fundi) are somewhat wider than 
the upper parts ; here and there one sees a remnant of the origi- 
nal central lumen. The contorted masses, which I consider 
glands, are apparently the same as have been seen by Mauthner 
in the placenta at term, 115, p. I2i. He describes these cords 
as consisting of the fused epithelium of adjacent foetal villi, and 
the spaces I have designated as vacuoles he describes as maternal 
blood-channels; he states explicitly that he has injected them 
from the maternal vessels, and in other cases found them gorged 
with maternal blood. These statements are irreconcilable with 
my own views, detailed in the present article. The uterine epi- 
thelium has entirely disappeared both from the top and the sides 
of the placenta. The top surface is covered by a very thin layer 
of flat epithelium. Fig. 8, mstk^ which is found, when followed 
out, to be continuous with the lining of the body cavity of the 
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embryo ; it is therefore mesothelium. Underneath this covering, 
and above the glands, there is a layer of varying thickness con- 
taining some large and a few small blood-vessels with embryonic 
blood in them, and consisting otherwise only of scattered anasto- 
mosing connective tissue cells,^ which can be followed without 
the slightest break on the one part until they pass directly into 
the mesoderm of the superjacent embryo; on the other part, 
down between the glands, Fig, 8, mes; compare, also, later stages. 
Figs. 10 and 1 1. Between the glands, also, are blood-vessels con- 
taining embryonic blood. On the top surface of the placenta I 
can find nothing recognizable as even a trace of the foetal ecto- 
derm, which formed a thick and conspicuous covering in the 
latest previous stage examined (nine days and seventeen hours). 
At the edge of the top of the placenta. Fig. 8, the relations 
change : the mesothelium, msth^ bends up and leaves the placenta, 
and together with a few subjacent mesodermic cells joins a sheet 
of cylinder epithelium, EctOy which is shown by its connections 
to be foetal ectoderm. The ectoderm from the point where the 
mesothelium, msthy bends on to the top of the placenta con- 
tinues downward, Ecto^ to clothe the side of the placenta which 
faces the peri-placenta. Between the placenta and peri-placenta, 
as shown in Fig. 9, there is a fissure ; the ectoderm can be fol- 
lowed to the bottom of this, and from there extends, — not on to 
the peri-placenta, — but turns abruptly back on to the side of the 
placenta, up which it stretches a minute distance and thereupon 
ends abruptly. The disappearance of the ectoderm is discussed 
in the next section. 

The peri-placenta is now characterized by the enormous 
increase of the perivascular decidual cells and the accompany- 
ing expansion of the blood-vessels ; by the disappearance of its 
glands and by the reconstitution, in part, of its superficial epi- 
thelium. The peri-placenta appears like the continuation of the 
outer zone of the placenta, for it directly adjoins it, is of about 
the same thickness, and is histologically similar. The blood- 
vessels are wide with hypertrophied endothelium; the peri- 
vascular cells are disposed as in the sub-glandular zone of the 
placenta ; that is, in the half towards the uterine muscularis they 
completely fill the intervascular room, but in the half towards 

1 A layer closely siiiiilar to this, and presumably homologous with it, exists in the 
Guinea pig (Creighton, 77a, p. 558), in the rat (Ercolani), and other rodents. 
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the interior of the uterus they form a discrete envelope around 
each vessel, the spaces between the perivascular coats being 
occupied by simple connective tissue cells. The glands which 
at nine days, Fig. 4, were so bulky and conspicuous, have almost 
completely disappeared, being now represented only by remnants 
of multinucleate hyaline matter scattered superficially, and easily 
recognized by their distinctive and conspicuous coloration: 
some of these remnants are still united with the surface. The 
epithelium is in two forms : on the half of the peri-placental sur- 
face towards the placenta it is entirely in the phase of degenera- 
tion, while over the other half it is already reconstituted as irreg- 
ular cylinder epithelium, the cells of which are more or less 
separated from one another, and somewhat variable in height ; 
this epithelium stops abruptly near the middle of the peri- 
placenta and is replaced towards the placenta by a hyaline 
nucleated layer occasionally thickened into a lump, where the 
nuclei are clustered ; the cylinder epithelium is deeply stained 
by the cochineal ; the hyaline epithelium has a marked color from 
the eosine, and its nuclei are dark with cochineal. The glands 
are further resorbed under the cylinder epithelium than nearer 
the placenta. 

The ob-placenta is now characterized by the disappearance of 
its degenerated epithelium, by the fusion of the epithelium of 
the deep portions of its glands into a new continuous layer, and 
by the development of peculiar monster cells in its central area 
facing the placenta. The resorption of the epithelium by vacu- 
olization has already been described in the account of the nine 
days' uterus, § 3. The epithelium, Fig. 6, gly is everywhere 
re-formed as a continuous layer ; portions. Fig. 6, h.epy of the 
degenerated layer remain especially near the peri-placenta, but 
for the most part the new epithelium is entirely uncovered, and 
in the central region it has grown, so that the glands are already 
deepened. But the most remarkable feature is the accumulation, 
opposite the placenta, where the mucosa is much thickened, of 
the curious bodies, to which I apply the term monster cells. They 
are round or oval masses many times the size of any other histo- 
logical element of the uterus or embryo, and possess huge nuclei 
They are shown in Fig. 17, which represents them at a later stage, 
when they are further enlarged. I regard these bodies as de- 
tached epithelial cells, undergoing degenerative hypertrophy. In 
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spite of long searching for the phases representing their early 
history, I have failed to ascertain positively their origin. In the 
next section the question is recurred to. The monster cells vary 
in size: the smallest ones lie near the epithelium; the larger ones, 
for the most part, deeper down and even among the muscular 
fibres, but a few large cells lie next the surface. The body of 
the cell is evenly and coarsely granular and resembles the hya- 
line degenerated protoplasm of the epithelium ; its external out- 
line is distinct, well-rounded, and without processes; the nucleus, 
which often has a slight space around it, as if it had shrunk a 
little, has a clear regular outline, being apparently provided with 
a membrane; it is well colored by cochineal, and contains an 
indistinct network with imbedded granules of various sizes ; in 
the smaller cells the nuclei have one or two granules much larger 
than the rest, and which may be spoken of as nucleoli ; the size 
of the nucleus increases with that of the cell, and at the same 
time the g^ranulation becomes coarser. 

The description of the placenta at ten and eleven days given 
. by Masquelin and Swaen I have not been able to follow in all 
respects. ' Owing to their conclusion that the epithelium of the 
uterus gives rise to blood, they apply the term cavitis tutmatih 
blastiques to apparently all the cavities of the placenta except 
those of the maternal blood-vessels. I have compared their 
description very carefully with my own preparations : so far as 
this enables me to judge, their "cavit6s haematoblastiques " 
include the foetal blood-vessels, the vacuoles in the degenerated 
glands, the spaces included within the epithelial U's described in 
the next section, and which are supposed to be the tips of foetal 
villi, the multinucleate cells and perhaps also the sub-placenta. 
Why the multinucleate cells are included among the blood- 
forming organs the authors do not render clear. Their failure 
to recognize the variety of constituents in the glandular layer 
of the placenta must be ascribed to the want of the perfected 
methods at present at our disposal. With the means now at 
command there is no difficulty in obtaining prepstrations which 
show indisputably that the glands though degenerated persist 
intact, and do not give rise to blood cavities nor blood corpuscles 
as Masquelin and Swaen have erroneously believed. 

§ 8. Embryo at eleven to thirteen days. — As known already, 
the embryo is completely separated from the yolk sack, and the 
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allantois has g^own forth and attached itself to the placenta. 
The relations of the extra-embryonic structures have been repre- 
sented by Bischoff in the diagrams of PI. XVI. of his classical 
memoir on the development of the rabbit. These diagrams have 
since been reproduced again and again, sometimes with modifi- 
cations as notably by Kolliker in his manual, and by Van Bene- 
den and Julin. Guided by these and by my own preparations I 
venture to construct a new diagram, PL XXIX., which I hope 
will approximate more nearly to the actual relations of the parts, 
with which we are now concerned. 

In the first place it is to be noted that most of the section is 
occupied by uterine tissue: — compare Fig. 9, PI. XXVIII. 
The largest space is occupied by the placenta, on the surface of 
which is situated the embryo, lying upon its side. Opposite 
(above in the figure) the embryo is the ob-placenta, ob-ply with 
its central area, containing the monster cells, mo cl\ the inferior 
wall of the yolk sack is fitted upon, but not attached to, the ob- 
placental surface. The peri-placenta, PP, appears as the con- 
tinuation of the outer zone, os, of the placenta; it has no. 
glands : its blood-vessels are enlarged, and all the space between 
them is filled with uninucleate decidual cells. This description 
of the peri-placental structure applies also to the outer zone, oz^ 
of the placenta. A narrow space separates the surface of the 
peri-placenta from the side of the glandular zone, gl, of the pla- 
centa: the letters a and b lie in this space. The placenta con- 
sists of three zones : I^ the upper glandular zone, gl^ divided 
by a fissure,/, into two lobes. This fissure is partly filled with 
an ingrowth of embryonic mesoderm, mes ; the transversely 
expanded bottom of the fissure forms the sub-placenta, sb.pl \ 
the glandular zone as a whole constitutes a protuberant mass 
with top and sides clearly distinguishable. Below the sub-pla- 
centa is the sub-glandular zone, s.-glz, with dilated blood-vessels 
and multinucleate decidual cells. 

The embryo lies upon the surface of the placenta. From its 
ventral side spring the allantois, all, and the stalk of the yolk 
sack ; for the sake of clearness the amnion and pro-amnion are 
entirely omitted, since they have no direct relation to the 
uterus.^ The allantois expands upon the placenta; the yolk 

^ For diagrams of the pro-amnion, etc., see Van Beneden et Julin. Copies of 
their figures are given in Buck's Rtfertnce Handbook of the Medical Science, VI., 32. 
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sack expands over the ob-placenta. The cavity of the allantois, 
ally is of course lined by entoderm ; it is, however, quite small, 
and in my preparations by no means the spacious vesicle com- 
monly represented, for instance, by KoUiker in his Grundriss 
(2te Aufl., Fig. 88), or by Balfour (Comparative Embryology, 
II., Fig. 148). The allantoic mesoderm, mes, on the other 
hand, spreads out, over the surface of the placenta, down its 
sides, down into the fissure, /, between the two lobes, and pene- 
trates between the glands, gl, of the placenta ; wherever it goes, 
the mesoderm carries fcetsd blood-vessels. The free, 1.^., inner 
or ccelomatic, surface of the mesoderm bears the mesothelium, 
msth\ as the extra-embryonic ccelom does not extend beyond 
the top of the placenta, there is, of course, no mesothelium 
upon the sides of the glandular zone (between a and b)y but at 
the edge of the top of the placenta the mesothelium is re- 
flected back, and after a short course joins the wall of the yolk 
sack near the sinus terminalis, vJ. 

The yolk sack, as has been long known, consists of two parts :^ 
1st, the area vasculosa bounded approximately by the sinus 
terminalis, vt\ within this area the entoderm is united with 
the mesoderm, which passes only a very short distance further 
out ; 2d, the remaining portion without mesoderm, excepting 
always the pro-amnion, which is included in the area vasculosa ; 
over this second region the entoderm, en, rests directly upon 
the outer germ-layer, ecto. 

If we follow the ectoderm around, we find that it leaves the 
yolk sack, just before the sinus terminalis, vt, is reached, and 
being joined by the mesodermic lining of the coelom passes 
down b on to the lateral surface between the peri-placenta, P, 
and the glandular placenta, gl, where, as already described, it 
bends inwards, and turning back runs a minute distance up- 
wards ; according to my hypothesis it continued earlier over the 
surface of the placenta, as indicated by the broad dotted line, d. 
The layer of embryonic epithelium upon the side wall of the 
rodent placenta has been seen by other observers, among whom 
may be mentioned Ercolani and Creighton ; the latter, 77b, 560, 
directs especial attention to it, in the Guinea pig, but refers it 
to the entoderm. I consider it probable that it is really ecto- 
dermal in the Guinea pig, as in the rabbit. Underneath the 

^ Leaving the pro-amnion out of consideration. 
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ectoderm, b^ to be seen at eleven to thirteen days at the sides on 
the placenta, is a layer of mesoderm without any coelom. Now, if 
my suppositions are correct, then the ectoderm forms at first an 
independent fold, ba^ beyond the terminal vein, vt ; the meso- 
derm, but not the mesothelium, extends into this fold, which 
covers the sides of the placenta. The disappearance of the 
foetal ectoderm from the surface of the placenta, and the pene- 
tration of the fcetal blood-vessels between the glands, are 
changes which take place during the eleventh day. How those 
changes occur, observations on the development at that age 
must decide. Meanwhile let us make shift with two h)rpothe- 
ses. The first is : The whole of the ectoderm attached to the 
placenta. degenerates and is resorbed. Since the uterine epithe- 
lium, as observation indicates, has likewise disappeared from the 
placenta, the mesoderm, mes, of the allantois, a//, is brought into 
direct and free contact with the connective tissue and degener- 
ated glands of the placenta, and is thus enabled to carry by its 
own ingrowth the fcetal blood-vessels into the very substance of 
the placenta. The second hypothesis is that the ectoderm and 
mesoderm have produced villi, which have grown into the pla- 
centa. In favor of this latter hypothesis there is certain evi- 
dence which I have not yet alluded to. In the deep portions of 
the glandular layer of the placentas of both eleven and thirteen 
one finds narrow loops of epithelium like a tuning-fork in shape ; 
the open ends of the U-loops are towards the top of the pla- 
centa ; the epithelium composing them is a cylinder epithelium, 
which gradually thins out towards the upper end of the legs of 
the U ; it difiFers altogether in appearance from the degenerate 
gland epithelium, the interiors of the U's contain vessels with 
foetal blood ;, so far, then, these structures might be longitudinal 
sections of the ends of foetal villi. Towards the surface of the 
placenta the epithelium of the loops thins out, and I have not 
been able to follow them. If we have to do with villi, we must 
assume that the ectoderm has become exceedingly thin over 
tkeir basal portions, but is preserved as a thicker layer over 
their tips, and my failure to trace the villi would be attributable 
to the imperfection of my preparations and observations. Bal- 
ancing the /n?^ and ^^^ leads me to favor the second hypoth- 
esis. Let me add that the mesoderm of the embryo is continu- 
ous without a break with the interglandular connective tissue ; 
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this statement is correct beyond any doubt, for I have several 
sections, in each of which the direct passage is observable under 
the microscope without even displacing the slide. By hypothe- 
sis this mesoderm is, however, really separated by a very thin 
covering of foetal ectoderm from the uterine tissue, and the 
whole constitutes a system of villi which have grown down like 
roots into the placental soil. 

That there is no communication between the foetal and ma- 
ternal circulations must be deduced from the fact that the two 
bloods are never mingled in one vessel, although found side by 
side in adjacent vessels. The separation of the foetal and ma- 
ternal blood has already been insisted upon. The full elucida- 
tion of the double placental circulation must be left for injec- 
tions to bring. 

In brief : The rabbit embryo is attached to the placenta by 
the ectoderm, which disappears from the surface of the placenta 
during the eleventh day ; the vascular connective tissue of the 
allantois grows probably by forming true villi into the placenta, 
and so comes close to the maternal circulation. 

In other rodents the placenta contains foetal vessels ; its sur- 
face is covered after a certain stage by a thin epithelium like the 
mesothelial layer of the rabbit, and by a layer of vascular con- 
nective tissue. Hence it seems probable that the structure in 
the rabbit is typical of the class — compare § 12. 

§ 9. Uteras at thirteen days and three hours. — The pla- 
centa and embryo are considerably bigger than at eleven days, 
but the structure of the parts is comparatively little changed. 

. A complete section is drawn in Fig. 9. The longitudinal 
muscles, /.m., and the circular muscles r.Mr., form the external 
covering. They differ in microscopical appearance from the mus- 
cles of the resting uterus, but I have not investigated the 
change in them. 

The placenta is very bulky. Its two lobes have begun to 
form separate protuberances, so that the top of the placenta is 
no longer a nearly plane surface. The placental surface is cov- 
ered by the mesothelium, which is a little thicker than in the 
previous stage, the cells having a greater vertical diameter. 
Between the mesothelium and the glandular layer, gl^ is the 
vascular mesoderm, several of the large vessels of which are 
shown in Fig. 9. The central fissure,/ of the placenta is very 
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deep ; it is completely filled with the ingrowth of mesoderm and 
its accompanying large vessels. At the bottom of the fissure 
next the outer placental zone, o.z, is situated the sub-placenta, 
sb^-pl. The section drawn in Fig. 9 does not show the connec- 
tion between the fissure and sub-placenta, which appears in sec- 
tions 208-214 of the same series. The thickness of the meso- 
dermic covering of the placenta has increased very considerably, 
and the larger vessels are now provided with well-marked mus- 
cular as well as endothelial wdls. Many of the foetal vessels 
run in spaces which stretch down nearly vertically from the 
placental surface ; in some cases the vascular columns can be 
followed until they enter a cap of epithelium which forms a sort 
of U. These relations suggest the presence of a series of foetal 
villi covered in part by a very thin epithelium, and covered at 
their tips by a relatively thick epithelium. This interpretation 
has been discussed in the previous section. Beside the normal- 
looking epithelium, we find the degenerated glands not much 
changed from eleven days. The sub-glandular zone, sgLs^ 
shows further enlargement of the blood-vessels, so that they are 
now larger than those of the outer zone, o.e, thus reversing the 
earlier relative proportions; the multinucleate cells have in- 
creased in number and size, and contain more nuclei than at 
eleven days ; they occupy all, or nearly all, the room between the 
vessels. Towards the outer zone the vessels are surrounded by 
the uninucleate perivascular cells, but the intervening tissue 
consists of multinucleate cells, so that there is a boundary re- 
gion which cannot be assigned strictly either to the subglandu- 
lar or to the outer zone. The outer zone, o.e^ is solidly packed 
with perivascular cells. 

The sub-placenta, sb.pl^ lies still deeper than before, being 
now close to the outer zone. Its epithelium is undergoing 
hyaline degeneration, and accordingly is irregularly thickened, 
and its nuclei are multiplied : the substance of the layer stains 
deeply with eosine. 

The peri-placenta, P, differs from that at eleven days, princi- 
pally in having the perivascular cells as a solid packing through- 
out the whole of its extent, except just where it adjoins the 
glandular layer of the placenta. As at eleven days, its covering 
epithelium is reconstituted on the part towards the sub-placenta, 
and is in the phase of degeneration towards the placenta. 
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The ob-placenta, ob.pl^ shows everywhere a marked growth of 
its glands ; as illustrated by Fig. 10, the glands are follicular ; 
their cavities wide. The glands are not branched or pouched, 
as the appearances in the sections suggest; they are broad 
tubes closely packed, and are necessarily cut obliquely in most 
cases. The rather ragged-looking epithelium is composed of 
long cylinder cells (Fig. 10), with the nuclei at various heights, 
and the protoplasm a good deal colored by the cochineal. The 
connective tissue of the mucosa has also grown, and forms both 
thin inter-glandular dissepiments and a thickened sub-glandular 
stratum. In the centre of the ob-placenta the mucosa is still 
further thickened to make room for the monster cells, which lie 
for the most part bdow the glands, but are found also between 
the glands and in the superficial portion of the muscularis. At 
one point the ob-placenta is interrupted by a protuberant mass, 
;r, resembling the peri-placenta in structure; it consists of 
crowded perivascular cells with dilated blood-vessels, and is cov- 
ered by epithelium. As I have seen nothing analogous to this 
mass in any other specimen of any age, it must be regarded as 
a singular sporadic variation from the normal processes of devel- 
opment. 

The origin of the monster cells I am inclined to seek in the 
uterine epithelium, as stated in § 7. The appearance of their 
cell bodies, and of their nuclei at once suggest this origin on 
account of the similarity with the appearance of the degenerated 
epithelium elsewhere. We find, also, the smallest monster cells 
near the epithelium. In Fig. 1 1 portions of the epithelium of 
the peri-placenta are represented. The cells are all multinucleate, 
as seen both in vertical section. Ay and surface views, B ; occa- 
sionally, but very rarely, there is a cell with the nuclei gathered 
together in a central mass, with an indistinct line enclosing the 
bunch. Fig. 1 1, r. These cells are larger than the rest, and their 
protoplasm is somewhat degenerated. If such a cell were to de- 
tach itself, and hypertrophy and the bunch of nuclei to break 
down, it would resemble a monster cell. Yet I can find no evi- 
dence that such a metamorphosis actually takes place in the 
ob-placenta. In the ob-placenta itself there appear a few epithe- 
lial cells with a single nucleus which are slightly enlarged, and 
are possibly the initial stages of monster cells, but between 
them and the youngest monster cells observed I have failed to 
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discover any intermediate stages. The difficulty of finding the 
first stages of the monster cells indicates that their develop- 
ment must be extremely rapid, almost sudden. 

§ lo. Uterus and embryo at fifteen days and four hours. 
— The swelling of the uterus has considerably increased; the 
placenta is larger ; the cavity containing the embryo is very much 
larger ; the peri-placenta has grown but little. We notice now 
that of the six folds of the uterus, the two placental have ex- 
panded both in width and thickness to a far g^reater extent than 
the remaining four folds, except that the lateral expansion of the 
two ob-placental folds, by attenuation of their walls, has enabled 
the ob-placenta to occupy an extent of the circumference of the 
uterus which is about equal to that taken up by the placenta 
proper; only about one-sixth of the whole circumference is 
allotted to the peri-placenta. With the naked eye one can see 
that the fissure of the placenta has opened so that the surfaces 
of the two lobes of the placenta now face each other like the 
sides of a V ; the surface of each lobe, though somewhat irregu- 
lar, is as a whole arched The glandular zone is perhaps slightly 
thicker than at thirteen days, but the diameter of the sub-glan- 
dular zone is markedly lessened, owing apparently to the open- 
ing of the interlobal fissure and the consequent flattening of 
the surfaces of the lobes. With a hand-lens one easily recog- 
nizes that the blood-vessels of the vascular zone of the placenta 
are of much greater diameter than at thirteen days, while the 
dissepiments between the vessels are not only relatively but ab- 
solutely thinner than before : this observation does not necessa- 
rily involve the conclusion that there has been an actual loss of 
tissue, for the placenta as a whole has increase in bulk. Let us 
turn now to the microscopical examination. 

The placenta differs but little, except in the respects above 
mentioned, from the stage last described. The mesodermic 
covering of the placenta is well marked. Fig. 12, mes, and the 
foetal mesothelium, msthy is perfectly distinct ; it leaves the pla- 
centa at its edge to curl over on to the yolk sack, just as at an 
earlier stage. Fig. 8, msth. The side of the lobe next the peri- 
placenta is clothed by ectoderm essentially as described at eleven 
days and partially shown in Fig. 8, ecto\ but the ectoderm is 
now more irregular than at earlier periods and is thrown into 
small folds near the point where it is reflected back on the pla- 
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centa; similar appearances are clearly indicated in Ercolani's 
memoir^ 89, Tav. IV, Fig. i, 1, 1, for the Guinea pig. It is quite 
possible that the folds are more developed in the rabbit later. 
The placental glands are very much contorted, Fig. 12,^/,^/; 
very coarsely grandular, with numerous irregular vacuoles and 
with the nuclei lying for the most part against or near the outer 
surface of the gland, Fig. 13, gl\ the nuclei no longer stain 
deeply as they do during the first stage of the gland degenera- 
tion. Fig. 7. In the upper part of the placenta the glands are 
much narrower and more widely separated than in the deep part 
of the layer, as can be seen in Fig. 12, which takes in about 
half of the glandular layer from the surface down ; towards the 
surface the glands often form wide loops. Fig. 12, and join one 
another, making a network with closed meshes. As regards 
the supposed foetal villi, I find the columns of the foetal meso- 
derm running down more distinctly than at thirteen days, but as 
before, the only epithelium which I clearly distinguished, is 
that in the deepest part of the glandular layer disposed as if 
covering the tips of the villi. The blood-vessels are very num- 
erous, and some of those above the glands in the foetal meso- 
derm are very large. Fig. 12, v. It will be remembered that 
these vessels belong to the foetal system and that the plexus of 
vessels, which is so conspicuous upon the surface of a freshly 
excised placenta, pertains therefore to the embryo. At certain 
points there rise thin membranes from the surface of the pla- 
centa, which carry good-sized vessels : whether these are acci- 
dental or constant, I am unable to say. Examined with a still 
higher power, Fig. 12, the glandular layer shows the peculiarities 
of its structure still more clearly ; the mesotheliiun, msth^ upon 
the surface, though composed of flat cells, has considerable 
thickness; the mesodermic cells, mes^ are for the most part 
spindle-shaped and their processes anastomose ; the foetal blood- 
vessels, V, Vy come close against the glands, gl\ if, therefore, 
there is a layer of foetal ectoderm separating the foetal mesoderm 
from the uterine tissues, it must be very inconspicuous from 
extreme thinness. 

As to the relations of the sub-placenta, my preparations are 
unsatisfactory. 

The sub-glandular layer shows the vascular endothelium ad- 
vanced in degeneration, the cells projecting far from the surface. 
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Many parts of the vessels are filled with coagulum, suggesting 
thrombi formed during life, as has been asserted to occur nor- 
mally in the human placenta. For the most part, the vessels 
contain normal blood, save that there is an excess of leucocytes ; 
in some vessels, however, there are large clear refringent bodies 
which look like vesicles. What these bodies are I am unable 
to say — possibly they come from breaking down of the endo- 
thelium. The multinucleate cells. Fig. 14, are large and very 
much crowded ; they contain each a dozen nuclei, more or less. 
I have nothing of importance to add to the previous descriptions. 

In the outer zone we notice at once that the expansion of the 
blood-vessels is far less active near the muscularis than further 
in ; indeed, we might subdivide the zone into an outer compact 
and an inner cavernous layer. The vascular epithelium is far 
degenerated, Fig. 16; A is a surface view; B and C vertical 
sections ; each cell forms a more or less independent projection ; 
the cells vary extremely in size ; the nuclei are either single or 
multiple ; in the former case they may be small and compara- 
tively regular, or large and very irregular in shape ; in the latter 
case they are of unequal sizes. The perivascular cells are in- 
numerable ; their appearance is indicated by Fig. 1 5 ; but where 
the blood-vessels are wider, or, in other words, towards the glan- 
dular zone, they exhibit signs of breaking down ; the signs in 
question are indistinctness of outline, granular appearance of 
the protoplasm, and the difficulty of staining the nuclei. As 
the changes are slight, they are perhaps accidental. It must be 
left for future examination of later stages to show whether they 
do break down or not. I also think that there is a tendency for 
the multinucleate cells to invade the territory of their uninu- 
cleate neighbors. 

The peri-placenta agrees with the outer zone of the placenta 
in its parenchymal structure, except as to two points : I^ it is 
now invaded to a slight extent by the multinucleate cells, at 
the spot nearest the placental glands ; I have no reason to sup- 
pose that these cells actually migrate into the peri-placenta, but 
presume that they arise in situ ; 2°, near the ob-placenta there 
are in some parts young monster cells lying close under the 
epithelium ; the evidence is better here than anywhere else I 
have observed that the monster cells arise from the epithelium. 

The ob-placenta now has monster cells throughout almost its 
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entire extent, but the greatest accumulation is where they first 
are developed, directly opposite the placenta. In this region 
(Fig. 17) they occupy not only the connective tissue of the 
mucosa, «, i, but also the territory of the circular muscular coat, 
where they lie, r, between the bundles, muse, of muscular fibres, 
which they have forced apart to make room for themselves. 
The smallest monster cells, a, are found nearest the lining epi- 
thelium, ep ; those at the base of the mucosa, by are bigger, but 
the biggest of all are those which lie in the outer part of the 
muscularis, c ; if, therefore, the cells arise from the epithelium 
and migrate outwards, they must grow while they move. My 
preparations show in the nuclei of the monster cells certain 
large, deeply stained fragments which are perhaps chromatine. 
Fig. 18. Owing to the stretching of the uterine walls, the 
regenerated glands of the ob-placenta are no longer follicular as 
at thirteen days (Fig. 10), but are again stretched out, so as to 
approximate a second time to the form of shallow, open cups, 
which they had at eleven days (Fig. 6) ; but where the monster 
cells have accumulated most (Fig. 17), the only distinct trace of 
the glands is the irregularity of the free surface covered by 
epithelium, ep. 

The embryo and its appendages do not show much alteration 
in the parts concerning us in the present article. We may, 
however, note especially two changes in the outer germ layer. 
I**. On the strip of ectoderm between the vena terminalis of the 
yolk sack and the points where the ectoderm joins the placenta, 
there are a number of thickenings, which form small papillae 
upon the outer surface of the layer. These outgrowths are 
solid ectoderm, and like the buds of the villi of the human cho- 
rion contain no mesoderm. Whether these structures do 
become actual villi in later stages, I am unable to say. 2^ Over 
the yolk sack the ectoderm has become a cylinder epithelium, of 
which the outer surface is irregular, ejach cell projecting a little 
more or less than its neighbors. A similar modification occurs 
in the opossum according to H. F. Osbom, 61 A, 378-379, 
PI. XVII., Fig. 4, and Selenka {Entwickelungsges, d, Thiere^ 
Taf. XXVIIL, Fig. 5). It is probable that the ectoderm 
assumes this modification in other mammals, where it remains 
attached to the yolk sack owing to failure to form a complete 
chorion. 
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§ II. Sommary.^ — In the resting uterus of the rabbit there 
are six longitudinal folds. The ovum attaches itself on or 
between the two folds nearest the mesentery, and the placenta 
is there developed ; the two adjacent lateral folds form a cushion 
(the peri-placenta) about the placenta, but the two folds oppo- 
site the mesentery are flattened out by the stretching of the 
walls to form the swelling to contain the embryo ; they consti- 
tute the ob-placenta. In the region of the placenta the mucosa 
undergoes an enormous hypertrophy: there is likewise an 
enlargement, but much slighter, of the peri-placenta* 

The entire epithelium lining the uterine swelling degener- 
ates; its nuclei proliferate, and its protoplasm hypertrophies, 
becoming at the same time hyaline and granular. The degen- 
eration affects the glands also. The degenerated epithelium 
becomes vacuolated and in large part resorbed. The process 
goes on with distinctive features in each of the three primary 
divisions of the swellings. 

The connective tissue increases by hyperplasia in the peri-pla- 
centa and to a still greater degree in the placenta, and is trans- 
formed for the most part into uninucleate perivascular decidual 
cells, but also in part, — namely, immediately below the glandular 
layer of the placenta, — into large multinucleate cells. In the 
placenta, and to a less extent in the peri-placenta, there is a new 
formation of blood-vessels, which subsequently enlarge to great 
size, although their only walls are an endothelium which under- 
goes rapid hypertrophic degeneration. 

In the placental region the uterine epithehum degenerates 
and disappears, but the glands are preserved as irregular anasto- 
mosing rows of coarse granular matter, with numerous vacuoles 
and scattered nuclei, but without central lumina. Below the 
glands is a zone containing wide vessels and large multinucleate 
cells. The outer layer has wide blood-vessels, with numerous 
uninucleate decidual cells, which arise from the connective tissue 
cells and arrange themselves in successive coats around the 
blood-vessels until they occupy the entire room between the 
vessels. 

The embryo is attached at first to the surface of the placenta 

^ It will be remembered that the observations cover the period of from six to fif- 
teen days only, and do not include the eleventh day, when several important develop* 
ments occur. 
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only by the ectoderm, to which the mesodenn soon joins itself. 
As soon as the coelomatic fissure appears, we can speak of a 
foetal chorion adhering to the placenta. When the allantois 
grows out, it forms the stalk of connection between the embryo 
and the placental chorion. After the development of the cho- 
rion, the free surface of the placenta is, of course, covered by 
mesothelium (the epithelium of the coelom). Outgrowths of 
the chorion penetrate the glandular layer of the placenta; 
whether these outgrowths are in the form of villi in the sense 
that they preserve a covering of foetal ectoderm was not ascer- 
tained, although the tips of the outgrowths appear to have such 
a covering, and there is no mingling of the foetal with the ma- 
ternal circulation. The coelom of the embryo does not extend 
to the edge of the placenta next the peri-placenta, but the meso- 
derm does, and is covered by ectoderm. 

In the peri-placenta, the glands degenerate and disappear com- 
pletely, but the covering epithelium is reconstituted except on 
the part near the placenta. The blood-vessels and connective 
tissue change as in the outer zone of the placenta, though later. 
At the fifteenth day a few yoimg monster cells were found near 
the surface. 

In the ob-placenta the degeneration and resorption affect only 
the surface epithelium and the upper part of the glands; the 
deep portions remain as a series of shallow cups, having been 
stretched transversely by the expansion of the ob-placenta ; the 
epithelium of the cups unites into a new continuous layer; 
the glands grow up into follicles and are again stretched out by 
the expansion of the walls. Meanwhile there appear monster 
cells, which probably arise by the hypertrophy and migration of 
single cells of the epithelium; they are characterized by the 
granular hyaline appearance of their bodies, by the coarse gran- 
ulation and large scattered fragments of chromatine of their 
nuclei, and by their hugeness. The monster cells continue to 
enlarge and subsequently invade the whole thickness of the 
annular muscularis. They appear first and are always most 
numerous directly opposite the placenta, but they are ultimately 
present throughout the ob-placenta. 

The relations of the embryo having been outlined in § 8, with 
the aid of Plate XXIX., it is not necessary to recapitulate them 
again. 
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§ 12. Comparison with other rodents. — The history of the 
rabbit's placenta elucidates also that of the Guinea pig, of which 
we possess descriptions by Bischoff, Ercolani, 89, Creighton, 
77a, 77b, Tafani, 134, and others. These authors being un- 
aware of the nature of the metamorphoses of the uterine glands, 
and not knowing the disappearance of the foetal ectoderm over 
the placenta, but, on the contrary, seeking for foetal placental 
villi, lacked the necessary basis for a correct interpretation. 
Ercolani was further misled by his erroneous belief that the pla- 
cental tissues of the mother arise as new formations, not as 
metamorphosed constituents of the uterine mucosa, but coming 
after the assumed but non-occurrent complete destruction of 
the mucosa. Tafani's work betrays gross inaccuracy, for he 
based his figures and descriptions upon schematic notions, based 
in their turn upon very superficial, and often entirely false, ob- 
servations. To justify a judgment so severely unfavorable, it is 
necessary only to direct examination to some of Tafani's plates. 
His drawings of the human placenta, for instance, /.r. Tav. 
VII., leave a great deal to be desired ; in Fig. i the sections of 
the villi are altogether too large and too few; the separate 
triangle of tissue at the edge of the placenta does not exist ; the 
decidua is represented without any compact layer, and its gland 
cavities are made into blood-vessels. The section of the rabbit's 
placenta (Fig. 2, Tav. IV.) is even more open to criticism, since 
it is impossible to determine the foundation of observation. 
Ercolani, on the other hand, was an observer of considerable 
ability, and his numerous memoirs on the placenta are valuable, 
although his hypothesis of neoformazione led him to adopt an 
unfortunate terminology which makes it difficult to follow him. 
Creighton observed with more impartial objectivity. That Bis- 
choff was a first-class observer every one knows; he never 
leaves any confusion between what he saw and what he in- 
ferred ; for us he has the disadvantage of having written before 
the developments of recent histology. On the whole, we prob- 
ably do best to turn to Ercolani, who figures 89, Tav. IV, Fig. L, 
a section of a placenta of a Guinea pig near full term. Let us 
compare it with the rabbit's placenta. 

It is discoidal, pedunculate, and bilobed. The upper surface is 
covered by a thin epithelium beneath which is a layer of vascu- 
lar connective tissue, Z, extending over the sides of the pla- 
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centa, g^ /, f^ and down between the lobes, q : the epithelium 
therefore corresponds entirely with the placental mesothelium 
of the rabbit The upper portion of the placenta, /, corresponds 
to the meshwork of degenerated glands in the rabbit's placenta. 
The layer of epithelium, /, i, mt, covering the side of the placenta, 
corresponds to the foetal ectoderm in a similar position in the 
rabbit ; at an earlier stage it resembles very closely in appear- 
ance what I find in the rabbit (Creighton, 77a, p. 560, PI. XIX., 
Fig. d, c, c, c,). Deep down under the space between the lobes of 
the placenta comes the sub-placenta, Ercolani's cotyledonary 
organ, O, which was compared above with the sub-placenta of 
the rabbit ; the thick pedicle of the placenta, ^, «, «, corresponds 
to the sub-glandular layers of multinucleate decidual cells, which 
has encroached upon and apparently replaced the outer zone 
of uninucleate decidual cells, which is present earlier, as it is in 
the rabbit. At the side of the placenta is the peri-placental 
thickening, g.d^ and springing from it the so-called reflexa, c, 
which is probably only the peri-placenta hypertrophied. The 
reflexa is entirely absent in the rabbit. In regard to what I 
suppose to be the glands, P, neither the descriptions nor the 
figures of Ercolani suffice to indicate their character. 

The interpretation offered differs in nearly every respect from 
Ercolani's own ; and yet though I have no preparations of the 
Guinea pig's placenta, and am acquainted with the organ only 
through the publications of others, I think the homologies drawn 
may be accepted with considerable security ; but let me add 
that I am well aware that their actual justification can come 
only from the specimens. 

Sections of the rat's placenta near full term show that the 
structure in that species is strictly comparable to what exists in 
the rabbit. The surface is covered by a thin epithelium over- 
laying a vascular connective tissue layer ; the vacuolated tubular 
glands, very much degenerated, occupy the greater part of the 
placenta, leaving only a thin vascular zone from which the outer 
zone is lost, and which is therefore occupied solely by the much 
altered sub-glandular zone of multinucleate cells. There are 
many differences in details of structure from the rabbit, but the 
fundamental likeness is self-evident. 

As the similarity of the placentae of various rodents has been 
noted by previous authors, it is probable that the type of 
placental organization is the same throughout the class. 
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II. MAN. 

The following observations are of a fragmentary character, 
but may serve to round out our information in certain respects. 
Some of the facts have already been recorded in the series of 
numerous embryological articles contributed to Dr. Buck's Ref- 
erence Handbook of the Medical Sciences ; but as that work is 
for consultation rather than the publication of original observa- 
tions, it will hardly seem a mistaken repetition if I include here 
some things already published there. 

§ 13. Allantois and umbilical cord. — Prof. W. His has 
shown that the entodermal cavity of the allantois is the termi- 
nal stretch of the entodermal canal; the posterior end of the 
body is prolonged into a mass to which he gives the name of 
"Bauchstiel" (Anatomie menschlicher Embryonen^ III., 222- 
226), and which develops in the same general manner as the 
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Cif^^.— Diagmnmatic section of the Bauchitiel of a human embryo, modified 
from W. His. Am, amnion; md^ medullary groove; v, v, Teins; i<, i<, umbilical 
arteries; Att^ allantois; coe^ codom. 

body proper, having a rudimentary medullary groove, a somato- 
pleure and splanchnopleure, Cut 2. It is morphologically the 
hind portion of the body. After its closure and separation from 
the amnion it appears as the umbilical cord. Its development 
requires that the umbilical cord should be covered, not by the 
amnion, as it is almost universally stated, but by an extension 
of the foetal epidermis. Histological examination shows that 
this is the case. The amnion is characterized by the ectoderm 
remaining a single layer of cuboidal or low cylinder cells, and by 
the matrix of mesoderm being distinct, owing to its high refran- 



Digitized by 



Google 



No. 3] UTERUS AND EMBRYO. 381 

gibility. The foetal skin is characterized by the ectoderm be- 
coming many layered, while the cutis remains for a long time 
undifferentiated from the mesoderm below, and the matrix is of 
low refrangibility. In comparing the ectoderm of the umbilical 
cord with the skin, therefore, we do not expect to find any differ- 
entiated cutis. The epithelium of the cord is at first, of course, 
single layered, the condition which is permanent over the am- 
nion. In the cord of a three-months embryo, Cut 3, I find the 
two-layer stage. The outer layer is granular, and in some parts 
each cell protrudes like a dome. Dome cells also appear on the 
young epidermis, and as I learn from Dr. J. T. Bo wen, who has 






nes 



• Cuts- — Epithelial covering of the umbilical cord of an embryo of three months. 
X 545 diams. 

been investigating the subject in my laboratory, are probably 
the precursors of the epitrichium. The cells of the inner layer 
are larger and clearer than those outside. By the fifth month 
the epithelium is distinctly stratified, and the superficial layers 
consist of flattened cells similar to those of the homy layer of 
the skin at an early stage. The ectoderm of the cord agrees 
therefore entirely with that of the embryo proper in its general 
development, but the differentiation proceeds more slowly, so 
that at any given age the ectoderm of the cord is at a less 
advanced stage than that of the embryo. 

The appearance of the cord in cross-sections is instructive. 
Cut 4, A, is a section through a cord of sixty days ; the right 
umbilical vein is already aborted ; the coelom, coe, is a large 
cavity, and contains the yolk stalk, F.5, with its two vessels, 
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Cut 4. — Two sections of umbilical cord. A, at sixty days; B, at three months; 
F, vein; Ar^ artery; Ally allantois cavity; Coe^ ccelom; K, yolk sack ; X 22 diams. 

and its entodermic cavity entirely obliterated. Near the em- 
bryo the ccelom may become much enlarged, and is often found 
during the second month and even later to contain a few coils 
of the intestine, as has been long known. Above the body cav- 
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Cut ^. — Connective tissue of the umbilical cord of an embryo of 21"""; X 540 
diams., stained with alum-cochineal, and eosine. 
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ity is the duct of the allantois, All, lined by entodermal epithe- 
lium ; and in this region are situated the two arteries and single 
vein ; the section is bounded by ectoderm.^ The further devel- 
opment of the cord depends upon three factors : i®, the growth 
of the connective tissue and blood-vessels ; 2®, the abortion of 
the coelom, yolk stalk, and allantoic duct in the order named ; 3^ 
differentiation of the connective tissue and of the ectoderm. 



H 



Cut 6. — Connective tissue of the umbilical cord of a human embryo of about 
three months, X 511 diams. Stained with alum-cochineal, and eosine. 

The growth and differentiation of the mesoderm proceeds rap- 
idly, encroaching upon the coelom, which is obliterated (early in 
the fourth month). At first the connective tissue, Cut 5, is com- 
posed merely of numerous cells embedded in a clear substance ; 
the cells form a complex network, of which the filaments and 
meshes are extremely variable in size ; the nuclei are oval, gran- 
ular, and do not have always accumulations of protoplasm about 

* The ectoderm is often wanting, owing to its frequent destruction post mortem. 
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them, forming main cell bodies. I notice, also, a few cells which 
I suppose to be leucocytes, but see no other structures. By the 
end of the third month the cells have assumed nearly their defi- 
nite form ; the protoplasm has increased in amount, and forms a 
large cell body around each nucleus. Cut 6. The network has 
become simpler and coarser, the meshes bigger, and the fila- 
ments fewer and thicker ; in the matrix are numerous connec- 
tive tissue fibrils, not yet disposed in bundles, except here and 
there ; as they curl in all directions many of them are cut trans- 
versely, and therefore appear as dots. In older cords there is an 
obvious increase in the number of fibrils, and they form many 
bundles. In the cord at term the matrix contains mucin, and 
may be stained by alum haematoxylin ; at what period this re- 



Cut 7. — Section of the allantois from the umbilical cord of an embryo of three 
months; ^n/, entoderm; ot^j, mesoderm. X 340 diams. 

action is first developed I have not ascertained. I have ob- 
served nothing to indicate the presence of special lymph chan- 
nels in 'the cord at any period, but I have not investigated the 
point. Tait's lymph channels are merely the intercellular spaces. 
The tube of allantoic entoderm increases very little in diame- 
ter after the second month ; compare A and B, Cut 4. It is 
very persistent, appearing usually even in the cord at full term, 
at least in the proximal end, according to Kolliker (Entwick- 
lungsges. 2te Aufl., p. 34). After the second month it is a small 
group of epithelioid cells, with distinct walls, irregularly granu- 
lar contents, and round nuclei ; around the cells, ent, which may 
or may not show a remnant of the central cavity, there is a 
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slight condensation, mes^ of the connective tissue to form, as it 
were, an envelope. This structure has been regarded by Ahl- 
f eld and others as the persistent yolk sack. I think the correct 
interpretation was first suggested by Kolliker. 

§ 14. Amnion. — The tissues of the amnion do not progress 
beyond an early embryonic stage ; the ectoderm remaining at 
the one-layered stage, the mesoderm preserving much of the 
primitive matrix. Emery (Arch, Ital. BioL, III., 37) has directed 
attention to the primitive homogeneous matrix of the vertebrate 
mesoderm, and especially to the separate sub-epidermal layer of 
the embryo, which contains no cells at first. In the human 



nf 



Cut 8, — Two sections of the placental amnion : A, from an embryo of the eighth 
month; B, at term; ect^ ectoderm; mes, mesoderm; a, layer of mesodermic cells. 
X340. 

amnion there is a non-cellular layer under the epithelium, as is 
well shown in Cut 8, A and B. Sometimes this layer is in- 
vaded to a certain extent by connective tissue cells, B ; in other 
cases the portion of the matrix towards the chorion acquires a 
fibrillar character. A, as if partially resorbed, but in no case 
have I seen the matrix entirely altered from its primitive char- 
acter. The cells of the mesoderm lie in lacunae ; they are flat- 
tened in the plane parallel to the surface, and hence in vertical 
sections, Cut 8, appear more or less fusiform. They present no 
special features, so far as I have observed, to distinguish them 
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from other embryonic connective tissue cells. Their bodies 
have little aiSSnity for coloring-matters, hence it is difficult to 
follow the processes by which the cells are united. Their 
nuclei are at first round or oval. After the third month they 
often show a great variety of alterations in shape and size, Cuts 
9, lo; some of the nuclei are then very large, with a distinct 
net-work, d; others are smaller and differ but slightly from the 
normal ; some are very irregular, ^, and others again strangely 
elongated, a; many other forms beside those represented in 
Cut 9 are to be found. The changes indicated I consider of 
a degenerative character, and in fact many of the nuclei are 




Cut g, — A natural group of nuclei from the mesoderm of the amnion of a fcetus 
of the fifth month. X 1225 diams. 

breaking down, for one finds in some specimens every stage be- 
tween a nucleus and scattered granules, — nuclei, nuclei with in- 
distinct membranes, nuclei without membranes, masses of gran- 
ular matter, clusters of granules crowded together, and finally 
other clusters more or less scattered. This degenerative pro- 
cess may be compared with that ' described by Phisalix {Arch. 
Zool. Expt.y S6r. II., T. III., 382) as occurring in the blood cells 
of the spleen of teleosts. Compare also the chromatine degen- 
eration observed by Flemming to occur in ova of the vertebrate 
ovary {His andBraunes Arckiv. 1885, 221-244). In the human 
amnion the nuclear degeneration described is not always to be 
recognized so clearly, although the nuclei in all amnia older 
than three months, which I have observed, are more or less 
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irregular and distorted. Finally it is to be added that not in- 
frequently the cells form a distinct epithelioid layer upon the 
surface of the amnion next the chorion, as represented in Cut 8, 
B, a. 




CtU 10. — Mesodermic nuclei of the amnion of an embryo of about four months. 

The epithelium of the amnion varies in appearance, as seen in 
transverse sections. Usually the cells are cuboidal or low cyl- 



Cut rr. — Surface view of the amniotic epithelium of an embryo of 144 days; 
stained with alum — hsematoxyline, and eosine. //, protoplasm; /r, intercellular pro- 
cesses; nuy nucleus. X 1225 diams. 
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inders, Cut 8, A, each one with a rounded top, in which is sit- 
uated the more or less nearly spherical nucleus ; sometimes, 
however, the nuclei lie deeper down. Less frequently the 
epithelium is thin, Cut 8, B, and its nuclei, which are trans- 
versely elongated, lie further apart. It is probable that these 
differences are not structural, but conditional upon the greater 
or less degree to which the amnion is stretched. I have ob- 
served no constant differences between the placental and the 
remaining amnion. The most interesting peculiarity of the 
epithelium is best seen in surface views ; namely, the inter- 
cellular bridges. They display themselves with a clearness 
which I have never seen in other epithelia; see Cut ii. 

The nuclei, ««, are relatively large, rounded with distinct out- 
lines ; they have a more or less well marked intra-nuclear net- 
work, with thickened nodes, and a small number of deeply 
stained granules, which are probably chromatine. Each nucleus 
is surrounded by a cell body,//; and the adjacent cell bodies 
are separated from one another by clear spaces. With high 
powers, as represented in the cut, one sees that these spaces are 
separated from one another by threads of material, /r, stretch- 
ing across as bridges, connecting neighboring cells. Examined 
attentively, the protoplasm of the cells exhibits a vacuolated 
appearance. One is thus led to view the epithelium as a sponge 
work of protoplasm somewhat condensed around each nucleus ; 
according to this interpretation the intercellular spaces are large 
meshes of the sponge work, and the intercellular bridges are 
protoplasmic. A recent paper ^ by M. Manille Ide, which I owe 
to the kindness of the author, brings a series of interesting ob- 
servations to show that the intercellular bridges of the Rete 
Malpighi of the mammalian epidermis are not protoplasmic, but 
processes of the cell membranes. This paper has led me to re- 
examine my preparations of the amniotic epithelium, but I have 
been unable to find in them any indications of membranes 
around the cells or reasons for considering the intercellular 
bridges as other than protoplasmatic in constitution. Whether 
this result is due to the imperfection of my preparations, or is 
in accordance with the truth, must be decided by further inves- 
tigation. 

^ Manille Ide, La membrane des cellules du corps muqueux de Malpighi. La 
Cellule, IV., 2me fasc, 1888. 
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Meola, 59, ascribes a much more complex structure to the 
amnion than his predecessors, in which he is followed by Viti, 
21. Both of these authors subdivide the mesodermic stratum 
into three layers : a lamina connetivaUy next the ectoderm, a 
sostanza intermedia^ and a membrana limitante. As to the his- 
tological details, Viti differs somewhat from Meola, but agrees 
with him in finding a histological distinction between the three 
layers enumerated. The extent to which I can distinguish three 
layers is indicated by the description of the mesoderm given 
above : I have been unable to find the marked structural dif- 
ferences affirmed by Viti. Viti's paper is to be commended for 
its excellent historical reviews, particularly for his summary of 
the various theories as to the origin of the amniotic fluid. 

§ 15. Chorion. — The human chorion has been the object of 
greater misconception than perhaps any other organ of the 
body. Even at the present time there prevail numerous false 
conceptions concerning it, nor do I know of any text-book which 
gives a satisfactory or even tolerably correct account of its 
structure. This singular confusion is not due to deficiency of 
observations, for from the vast literature of the subject (by 
trusting the accurate observers, such as Coste, Farre, KoUiker, 
Turner, Langhans, Waldeyer, etc.), we may cull a fairly com- 
plete and exact history of the development of the chorion. But 
the literature of the chorion consists chiefly of papers of little 
value, and often remarkable for the gross crudeness of the ob- 
servations they record, and for the proofs they are of their 
author's ignorance of other and better investigations. It ap- 
pears that the anatomists and physiologists, by a species of 
tacit understanding much to be regretted, have regarded the 
uterus and placenta outside of their province, and have left the 
investigation of the anatomy and functions of these organs to 
gynaecologists and others, whose capacities have lain rather in 
the direction of medical practice than of original research, al- 
though among them are some notable exceptions. The major- 
ity of the practitioners who have written on the uterus and 
foetal appendages have done at least as much harm as good. It 
would be a sheer waste of time to subject this mass of literature 
to a critical revision in order to extract from it what little there 
may be of value. I have, however, read a large number of the 
articles, and studied those which seemed worthy of it. Upon 
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this course of reading and a study of my own extensive mate- 
rial I have based the following history of the chorion, which 
passes briefly over what is known, and dwells upon what is 
founded on my own observations. 

The human chorion as I have defined it ^ is " the whole of 
that portion of the extra-embryonic somatopleure, which is not 
concerned in the formation of the amnion.** The human cho- 
rion is remarkable for its very early complete separation from 
the yolk sack, and for its precocious development of villi. Both 
of these developments had already taken place in His* youngest 
embryo, and in Reichert*s ovum, which is supposed to be nor- 
mal and the youngest known, there were chorionic villi, though 
no embryo was distinguished. Reichert*s description is not 
satisfactory, his long memoir * being principally concerned with 
speculations. 

The villi of the chorion, as shown long ago by the obser- 
vations of Coste, are formed at first only 
by the ectoderm. I reproduce here Fig. 
6, of PI. II., referring to the human 
species from Coste*s great work. The 
hollowness of the villi and their clumsy 
shape are to be especially noted. The 
mesoderm grows into the villi subse- 
quently. The branches of the villi grow 
out in a similar manner, the process 
being led, as it were, by the ectoderm. 
Orth, in a special paper, 118, has used 
these facts to argue against Boll's Prin- 
^ . , , cip des Wackstkums, Kollman's obser- 

Cut 12. — Portions of the "^ . . , i r -ii. i • 

chorion of an embryo sup- vations* on the growth of Villi dunng 
posed to be about eighteen the fourth week are particularly instruc- 
days; mts, mesoderm; ec, tive. The outgrowth of the branches 

gree of participation of the connective 
tissue. The two extremes are: I^ a bud consisting wholly 
of epithelium, which may become a process with a long, thin 
pedicle, and a thickened free end remaining entirely with- 

^ Buck's Refertnce Handbook^ Medical Sciences, — Art. Chorion. 

8 Reichert, Berlin Akad. Abhandlungen, 1873. 

• Kollman, Arch, Anal. Physiol. Anal. Abth., 1879, 297. 
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out mesoderm ; 2^ a thick bud with a well-developed core of 
connective tissue, and having a nearly cylindrical form. Between 
these extremes every intermediate state can be found. Other 
observers have noted this peculiar manner of growth, which I 
have found still going on in the placental chorion during 
the fourth month. Robin, 125, appears also to have crudely 
observed both the young hollow villi, and the solid epithelial 
buds. The blood-vessels he traces to the division of the cavity 
of the villi into an artery and a vein ; from the nature of things 
he offers no observations in support of this assertion. 

Only the tips of the villi touch 
the surface of the decidua, 

either at first or subsequently, ' 

except of course, over the cho- 
rion laeve during the abortion of 
the villi. The tips of the villi 
are attached to the uterine sur- 
face ; they penetrate the decidua 
for a short distance, but even in 
the placental area at the close 
of gestation, the penetration is 
slight, and the villi make their 
way only into the surface stratum 
of the decidua serotina. There 
is no evidence of any sort that 
the villi penetrate the glands 
at any period. The relation of C«//j.— isolated terminal branch 

4.1- 'IT ^ ^1- J -J i_ of a villus from the chorion of an em- 

the villi to the decidua has now ^^^ ^^ ^^^^^^ ^^^^^ 
been so accurately ascertained, 

that there can be, I think, no longer any question whatso- 
ever on this point. The best discussion is by Langhans, 110, 
p. 231 ff. 

The shape of the villi varies according to the part of the 
chorion and the age of the embryo. They gradually abort over 
the chorion laeve, and gradually grow over the chorion frondo- 
sum. Let us begin with the placental villi : At first they are 
short, thick-set bodies of irregular shape, as shown in Cut 12 ; at 
twelve weeks their form is extremely characteristic, Cut 13 ; the 
main stem gives off numerous branches at more or less acute 
angles, and these again, other branches, until at last the termi- 
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nal twigs are reached ; the whole of the space between the 
chorion and decidua is occupied by these ramifications ; the 

branches and twigs, as the illus- 
tration shows, are extremely irregu- 
lar and variable, although in gen- 
eral they may be described as 
club-shaped, being more or less 
constricted at their bases. The 
branches may be bigger than the 
trunk which bears them, or of any 
less size ; some of the smallest are 
merely slender outgrowths of the 
epithelial covering of the villus, 
such as have already been alluded 
to. Gradually there is a change. 
During the fifth month we find 
the irregularity, though still very 
marked, decidedly less exaggerated, 
Cut 14; the branches tend to go 

C«//-,.-ViUousstemfroma ^^ ^^ ^""^^ ^^^^^X "ght angles; 

placenta of the fifth month. X 9 ^^^ ^^^^ very numerous free ends, 
clianas. as of course only a small proportion 

of the branches touch the decidual surface ; the branches, too, 
are less out of proportion to the stems, less constricted at 
their bases, or, in other words, less remote from the cylin- 
drical form ; the awkward cucumber shapes of the twelfth 
week are no longer found except here and there. The 
change continues in the same direction ; that is, is towards 




Cut 75. — Terminal villi of a placenta at full term. The little spots represent the 
proliferation islands of the covering epithelium. 
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greater regularity of configuration. It is hardly necessary 
to describe the intermediate phases that have been exam- 
ined, but it will suffice to describe the form at full term, Cut 15, 
when the branches are long, slender, and less closely set, as well 
as less subdivided, than at earlier stages ; they have nodular 
projections, like branches arrested at the beginning of their de- 
velopment ; there are numerous spots upon the surfaces of the 
villi; microscopical examination shows that these spots are 
proliferation islands, as we may call them, or little thickenings 
of the ectoderm with crowded nuclei. It appears that not all 
the villi change to the slender form ; for some villi, having still 
the earlier, thicker form, are found even in the mature placenta, 
a fact already noticed by Jassinsky, 105, 346. These thick villi 



b 

I 



Cut 16. — Section of the chorion at three weeks, a, layer of coagulum; b, meso- 
derm of chorion; Ep, epithelium, also extending over the villi; Vi and Vi '/ the meso- 
derm, bf contains a number of blood-vessels, nearly all in transverse section. X 65. 

usually show also a distinct " cellular layer " in their ectoderm, 
a peculiarity to be considered below again. Seller, 131a, 
has given figures of the villi at various ages, but fails to show 
the characteristic forms. Langhans has observed the altera- 
tion in the villi, 110, 199, and even justly remarks that many 
of the villi in so-called " moulds '* are not pathological, as they 
have been frequently considered, but normal young villi. The 
differences in the villi, according to age, are very conspicuous 
in sections. The sections should of course be made so that the 
fragments of the villi will remain in situ ; imbedding in celloi- 
dine is convenient for this purpose ; if this end be attained, one 
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finds below the chorionic membrane numerous sections of villi ; 
if the specimen be a young chorion, — first to third month, — 
the villi are large, with a good deal of room between them ; their 
outlines are very irregular, and there are relatively few small 
branches (Cut i6). The older the specimen, the larger the 

proportion of small branches. 
In an old chorion — seventh to 
ninth month — the number of 
small villi of nearly uniform size 
is very striking (see the figure 
of a section through a placenta 
in situ, given in Cut 35). 

The abortion of the villi of 
the chorion laeve takes place by 
an arrest of development and 
a subsequent slow degeneration 
of the tissues, which lose all recognizable organization in the pro- 
toplasm, and to a large extent of the nuclei ; at the same time 
they alter their shape (Cut 17), becoming more and more filamen- 
tous ; by the fourth month only a few tapering threads, with 
very few branches, remain. The villi disappear almost com- 
pletely from the laeve, except near the edge of the placenta, 
where they are to be found, even in the after-birth, imbedded in 




Cut jy, — Aborting villus from a 
chorion of the second month. 



Cut 18. — Section of the chorionic membrane of an embryo of three weeks; 
stained with osmic acid; mts, mesoderm; ect, ectoderm; «, outer, b, inner layer of 
ectoderm. From a section prepared by Prof. Theodor Langhans. X 445 diams. 
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the degenerated epithelium of the chorion and the upper layers 
of the decidua, as shown in Cut 25, vi^ the epithelium and 
decidua being so fused at this point that it is impossible to 
determine any line of demarcation between them. 

The chorion, being a portion of the somatopleure, consists, of 
course, of two primary layers, the mesoderm and ectoderm. 
During the second half of the first month, the earliest period 
concerning which we have any accurate knowledge, the meso- 
derm is already a vascular layer of considerable thickness 
(Cuts 16 and 18, mes)y and the epithelium (ectoderm) has two 
layers of cells (Cut 18, a and b) \ of which the outer is the darker 
in specimens stained with osmic acid, carmine, cochineal, or 
haematoxyline, and has also smaller and more granular nuclei. 
The same distinction exists in the two-layered stage of the ecto- 
derm of the umbilical cord (Cut 3), and of the foetal skin. 
Hitherto most authors have entirely overlooked the inner layer 
at early stages. It was first clearly recognized by Langhans, 
who directed attention to it in a special memoir. 111, he having 
already described its later history, 110. In some earlier writers 
are allusions to the layer. Kastschenko, in his paper on the 
chorionic epithelium, has also described it, although he has not 
followed its history very far. The interpretation to be offered 
seems to me clearly to be, that the chorionic epithelium advan- 
ces in its differentiation to a stage equivalent to the two-layered 
stage of the epidermis and there stops ; whatever further change 
occurs is degenerative. 

The two primitive layers of the chorionic epithelium have 
been more or less clearly observed at later stages by several 
anatomists, and have been variously interpreted. Ercolani and 
Turner regard them as absolutely distinct, assigning the deep 
layer to the chorion as its true and only epithelium, and the 
outer layer to the uterus, thus enabling themselves to conceive 
the villi as covered by a maternal as well as a foetal epithelium, 
so that maternal blood found between the villi is still within the 
maternal tissue. After accepting the outer layer as maternal, 
the question as to its origin still remained. Some authors 
affirmed it to be the uterine epithelium, others to be the lining 
of expanded uterine blood sinuses. So far as I am aware, no 
one has made observations to show by the developmental history 
of the layer, that one or the other of the last mentioned hy- 
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potheses is correct. When we consider the precision and exacti- 
tude of Kastschenko's observations, which actual specimens 
enable one to verify, there is in my judgment no reason left for 
differing from the conclusion that both layers are parts of the 
foetal ectoderm. 

Governed by the difficulty of accounting for the presence of 
maternal blood in the intervillous spaces, and therefore appar- 
ently outside the maternal tissues, several investigators have 
been led to seek for at least an endothelium outside the chori- 
onic epithelium. Some authors, as for instance Winkler, have 
asserted the existence of such an endothelium, but after a pro- 
longed and careful search, I fail to find anything of the kind, 
and in this result it seems to me the best observers are agreed. 

The conclusion, I think, may now be safely formulated that 
the chorion is covered externally by the foetal ectoderm, and 
has no other covering in any part except, of course, where the 
chorion laeve rests upon the surface of the decidua, and where 
the tips of the villi touch the serotina ; but the morphological 
distinction holds, and the decidua is no more the covering of 
the chorion, than are clothes morphologically the covering of the 
body. I believe further, on grounds stated below, that the con- 
clusion just formulated holds true of the chorion at all periods. 

The further history of the chorionic mesoderm is so fully 
given by Langhans in his invaluable memoir, llO, and Kast- 
schenko, 107, that there is little to be added. In the earliest 
stage I have been able to examine, an ovum of the third week, 
the matrix of the chorionic connective tissue, in a preparation 
stained with cochineal or haematoxyline, and imbedded in paraf- 
fine for cutting, appeared hyaline and glistening, owing to its 
refrangibility (Cut 19) ; it has lacunae in which the cells lie ; the 
t:ell bodies are either shrunken or colorless, so that lacunae, 
except for the staining of their contained nuclei, are clear and 
light. This appearance I find again in specimens a little older. 
The image is entirely distinct from that of the same layer later, 
for then the cells are stained darker than the matrix, which at 
the same time has lost its homogeneous character, and acquired 
a fibrillated look. Very different from my own sections are 
several which I owe to the kindness of Professor Langhans of 
Bern, and which that distinguished investigator informs me are 
from a three-weeks ovum, which had been preserved in osmic 
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acid (see ante^ Cut 18). In Professor Langhans' preparations 
the cells are all stained much deepier than the matrix ; they have 
an elongated form, and run in various directions more or less par- 
allel to the epithelium ecto; hence many of them are cut trans- 
versely or obliquely. Whether the differences noted are due to 
the methods of preparation must be decided by preserving the 
same chorion in part with osmic acid, in part with Miiller's fluid 
or picrosulphuric acid, the latter being the reagents I have used. 
In specimens of the tenth week, the matrix of the chorionic meso- 
derm has quite altered in character, being no longer homo- 



Cut ig. — Section of tiie chorionic membrane of an ovum supposed to belong to 
the third week; ect, ectoderm; mes, mesoderm; «, outer, b, inner layer of ectoderm; 
stained with alum-cochineal. X 445 diams. 

geneous, and at the same time it has increased in thickness. 
For the most part the matrix stains lightly, and where it is 
lighter it contains fibrils of extreme fineness, and running curly 
courses ; there are also streaks of lightly stained matrix, giving 
the impression of fibres resulting from portions of the primitive 
colorable matrix being left. In other parts of the layer the 
primitive matrix is still present, and we find a homogeneous 
well-colored basal substance, the cell lacunae of which appear 
light by contrast, as in Cut 19. One can distinguish also the 
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commencement of the perivascular coats, at least of the larger 
vessels, the matrix being quite dense around them, and the cells 
elongated almost into fibres, and possessing a slightly increased 
affinity for coloring-matters. The larger blood-vessels and 
unmetamorphosed part of the layer occupy a middle portion be- 
tween the two surfaces, but the smaller blood-vessels lie near 
the ectoderm (compare Cut 19, v), thus presaging the formation 
of Langhans' vascular layer {Gefdssschicht). The development 
of the mesoderm of the chorion Iceve stops at about this stage, 
or at the stage when the matrix has completely changed from 
its first state ; in the region of the frondosum, however, develop- 
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Cut 20. — Section of the amnion and placental chorion of the fifth month, ^p^ 
amniotic epithelium; Am^ amnion; Str^ stroma; Fib^ fibrillse layer; fbr^ fibrine 
layer; c, cellular layer; Fi, villi. (From a section cut in celloidine, and stained 
with Weigert's Hsematoxyline. The drawing is only approximately correct as to 
details. X 71 diams.). 

ment proceeds much further by the production of fibres throug 
out the whole of the layer ; usually, but not invariably, the fibres 
become much more numerous near the ectoderm than in the 
inner part of the mesoderm, thus differentiating a well-marked 
sub-epithelial fibrillar layer. Cut 20, fib^ from the deeper and 
wider stroma, Sir, The fibrillar layer is that commonly spoken 
of as the connective tissue layer of the chorion : for details of 
its structure, including the ^^ Gefdssschicht^' see Langhans and 
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Kastschenko. The inner layer, 5/r, is called the Gallertschicht 
by many German writers, and seems to be what Kolliker (Ent- 
wickelungsgeschichte^ 2te Aufl., p. 322) designates as " Gallert- 
gewebe zwischen Chorion und Amnion '' ; it usually contains a 
considerable number of large granular wandering cells. Jung- 
bluth, 106a, describes a network of capillaries, which exist 
during the first half of pregnancy, apparently in the upper part of 
the stroma, — i.e. next the amnion — but I fail to find any. Where 
the amnion comes into contact with the chorion the adjacent parts 
of the two membranes are more or less loosened, forming a net- 
work of strands by which the membranes are united : most of 
the uniting strands appear to belong rather to the chorion than 
to the amnion. This loose tissue is perhaps that which Kolliker 
designates as a Gallertgewebe distinct from the chorion. 

Although the chorion bounds the coelom, I have observed no 
mesothelium upon its mesodermic surface ; but I have not made 
search for it by any special methods. In the rabbit, it will be 
remembered, the mesothelium is very evident over the placenta, 
but the 'rabbit differs from man by the absence of union between 
the amnion and chorion. Nor have I been able to find any base- 
ment membrane, properly so called, under the chorionic ecto- 
derm. As to the appearance which suggests it, I accept Kast- 
schenko's explanation, 107, 455. 

The mesoderm in the villi is differentiated otherwise than 
that of the membrane of the chorion. In the youngest stage 
I have examined there is some of the primitive matrix present 
in the villi ; and I presume that earlier the whole mesoderm has 
the same character. In my specimen (three weeks) the change 
is progressing. I have not succeeded in satisfying myself as to 
the process of change which takes place, but I think it probably 
essentially as follows : The cells gradually develop large bodies 
and acquire a more decided affinity for coloring-matters ; mean- 
while vacuoles appear in the matrix, presumably by its modifica- 
tion into a new substance; the vacuoles increase in size and 
number, transforming the matrix into a network and ultimately 
causing its total disappearance, leaving the intercellular spaces 
filled entirely with the new substance, which has come from a 
metamorphosis of the original matrix; probably this new sub- 
stance is more or less fluid, since wandering cells are scattered 
freely through it. Leaving this half-hypothetical history, let us 
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pass on to direct observations. In the placental villi of embryos 
of four months and older, the mesoderm exists in two principal 
forms, — adenoid tissue and fibre-cell tissue around the blood- 
vessels. The adenoid tissue. Cut 2 1, is that of which the sup- 
posed development has just been sketched ; it may be considered 
as the proper tissue of the villus. It consists of a network of 
protoplasmic threads, which start from nucleated masses (cells). 
There are many large meshes, which are partly occupied by the 
coarsely granular wandering cells, /, /, which are scattered about, 
and are usually present in large numbers. About the capilla- 



Cut 21. — Adenoid tissue of a villus from a placenta of four months. /,/,/, 
wandering cells; v^ v, capillary blood-vessels; d, finer meshwork from near a 
capillary. X 352 diams. 

ries the network is much more finely spun. Kastschenko, 107, 
454, found the wandering cells most abundant near the epithe- 
lium, but I have noticed no such peculiarity, except that they do 
not often enter the dense perivascular tissue; and as the blood- 
vessels are centrally situated, the adenoid tissue and the wander- 
ing cells in it are of course more peripheral. It seems to me 
that the leucocytes are distributed more or less evenly through- 
out the adenoid tissue. I fail to recognize any intercellular sub- 
stance. The abundance of nuclei deserves special mention. 
Around all the non-capillary vessels the mesoderm is very dif- 
ferent, for it exhibits distinct intercellular substance, with a ten- 
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dency to fibrillar differentiation in quite a wide zone around the 
blood-vessels; in this zone the cells become elongated and 
irregularly fusiform; around the larger vessels the cells are 
grouped in lamina, making the structure similar to that already 
described in the walls of the vessels of the umbilical cord ; after 
the perivascular coats acquire a certain thickness, the cells of 
the inner layers are more elongated, more regularly fusiform, 
and more closely packed than those of the outer layer; the 
transition from the denser to the looser tissue is gradual. We 
are perhaps entitled to recognize in the denser inner layer the 
media, in the outer looser layer the adventitial although neither 
of the layers has by any means the full histological differentia- 
tion characteristic of the like-named layers of the blood-vessels 
of the adult. 

The epithelium of the chorion becomes differentiated in three 
different ways : i^ upon the chorion frondosum ; 2**, upon the 
chorion laeve ; 3^ upon the villi. For a correct knowledge of 
the remarkable changes which the epithelium undergoes, partic- 
ularly in the placenta, we are indebted to the remarkably exact 
investigations of Langhans, 110 and 111. This author left two 
points of importance unsettled ; namely, the origin of his 
^^ Zellschichty' and of the ** canalisirtes Fibrin" Kastschenko 
has traced the cellular layer (Zellsckicht) to the epithelium, as 
already stated : compare pp. 463-469 of his memoir, 107. My 
own observations show, I think conclusively, that the canalized 
fibrine arises through a degenerative metamorphosis of the epi- 
thelium, which begins in the outer layer and may invade the 
inner layer (Langhans* Zellsckicht). Let us consider separately 
the three series of modifications of the chorionic ectoderm. 

In the region of the chorion frondosum the inner layer of the 
ectoderm (the cellular layer of Langhans) becomes irregularly 
thickened in patches, which present every possible degree of 
variation as to number and as to their breadth and thickness. 
Although at first the cellular layer is more or less continuous 
and composed of uniform cells, this is not the case in later 
stages. We must assume that with the growth of the mem- 
brane the epithelium increases in area, but remains in many 
places single layered, developing no " Zellsckicht'' The patches 
of cells have been well described by Langhans, 110, and Kast- 
schenko, 107, 466, and are represented with lower power in 
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Cut 20, r, and with a higher power in Cut 22, c. They vary 
much in appearance: the cells are more distinct in the small 
patches, but are less individual in the large patches, owing to 
the spread of the process of degeneration into the layer, Cut 22^ c. 
The cell bodies are lightly stained, and the granular nuclei are 
not very sharply defined and vary in size and shape. The cellu- 



fb 



• ' ^.» • 

Cut 22. — Placental chorion of an embryo of seven months; vertical section 
through the ectoderm and portion of the adjacent stroma, mes^ mesodermic stroma; 
r, cell layer; fb^ fibrine layer; ep^ remnant of epithelium. X 445 diams. 

lar layer is always sharply defined against the stroma, although 
there is no true basement membrane, but towards the outer 
layer of the ectoderm its boundary is sometimes distinct, some- 
times lost in a gradual transition. 

The outer layer of the ectoderm of the frondosum is even 
more variable. As stated by Kastschenko, it is primitively a 
dense protoplasmic reticulum, with nuclei in a single layer and 
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without any cell boundaries. In the chorion frondosum at four 
months and after I find spots where this structure still prevails, 
either with or without an underlying cellular layer; in other 
spots the layer is thickened and contains an increased number 
of nuclei, which are sometimes crowded in a bunch ; elsewhere 
the layer is thinned out and has no nuclei ; in still other spots 
the thickening has gone on much further, and usually, but not 
always, where the outer layer is much thickened the cellular 
layer under it is also thickened ; wherever it is thickened, and 
occasionally where it is thin, the outer layer of the ectoderm 
shows a marked tendency to degenerate into canalized fibrine, 
Cut 20, fbr^ and Cut 22, fb. It is not difficult to assure one's 
self that the fibrine arises by direct metamorphosis of the ecto- 
derm. I now think that its formation begins in the outer layer 
and thence spreads into the cellular layer ; for, in fact, when 
both layers are distinguishable, as in Cut 22, the fibrine layer, 
fb^ is always external, and the external layer of nucleated proto- 
plasm has either totally disappeared or is represented by mere 
remnants, as in Cut 22^ ep. The fibrine layer consists of a 
hyaline, very refringent substance permeated by numerous 
channels. Cut 22, fb\ the substance has a violent affinity for 
carmine and haematoxyline, and is always the most deeply 
colored part of a stained section ; the channels tend to run 
more or less parallel to the surface of the chorion and are con- 
nected by numerous cross-channels ; some of the channels con- 
tain cells or nuclei. This complex system of canals is by no 
means of uniform appearance in all parts of the placenta, both 
the spaces and dissepiments varying in size and shape. The 
fibrine often sends, as shown in Cut 22, long outshoots into the 
cellular layers upon which it seems to encroach. The frequency 
of these images in my preparations led me to the opinion ^ that 
the fibrine arises from the cellular layer only, and I concluded 
that the ectoderm was first transformed into the so-called cel- 
lular layer, which was then transformed into fibrine. It still 
appears to me that much of the degeneration goes by these 
stages ; but, on the other hand, it seems clear that the degenera- 
tion begins, as above stated, in the outer layer. Another appear- 
ance is presented by the ectoderm where it is thickened and 
wholly transformed into the cellular layer. In brief : the ecto- 

^ Ana/om. Anzeiger, ii. 23. 
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derm of the placental chorionic mesoderm undergoes patchwise 
manifold changes ; it exists in three chief forms : I^ the nucleated 
protoplasm ; 2^ the cellular layer ; 3^ canalized fibrine. A patch 
of the ectoderm may consist of any one of these modifications, 
of any two or of all three, but they have fixed relative positions, 
for when the nucleated protoplasm is present, it always covers 
the free surface of the chorion; when the cellular layer is 
present, it always lies next the mesoderm ; and when all three 
forms are present over the same part, the fibrine is always the 
middle stratum. In general terms it may be said that the 
amount of canalized fibrine increases with the age of the 
placenta, but it is very variable in its degree of development. 
The peculiar layer into which the ectoderm is transformed has 
long puzzled anatomists. E. H. Weber recognized the fibrine 
layer and described its appearance correctly; it has probably 
been often seen, but generally regarded as either pathological 
or a blood coagulum. Robin, for instance, may be cited, 126, 
7071, as one who saw, without observing correctly and under- 
standingly, the. tissue in question. An important gain was 
made when Winkler recognized the modified ectoderm as a 
constant layer, and in 1872 directed especial attention to it 
under the name of " Schltissplatte^^ 162. KoUiker (Entwicke- 
lungsgeschichte^ 2te Aufl., 337) added essentially to our knowl- 
edge of its structure, but it is to Langhans that we owe the first 
clear light. Meanwhile, other writers, following the lead of 
Ercolani and Turner, 146, 551-553, have been influenced chiefly 
by the presence of the cellular layer, in the large size of the ele- 
ments of which they found a resemblance to the decidual cells, 
which has guided them to the conclusion that the cellular layer 
is derived from the wall of the uterus. This error has been 
definitely corrected by Kastschenko, as already stated. In 
further support of the conclusion that the chorionic cellular 
layer is not decidual, may be brought forward the fact that 
there is a certain immigration of decidual cells into the placenta 
at its margin ; but they remain entirely distinct from the cells 
of the cellular layer. This is readily seen in radial sections 
through the margin of a placenta from a normal after-birth — 
compare below, the account of the ectoderm of the chorion 
laeve. The origin of the canalized fibrine from blood, which 
Langhans left in his first paper as an open possibility, and which 
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even so recent a writer as Ruge, 129a, 123 and 130, has advo- 
cated, cannot be maintained. Of course, there may be a deposit 
of blood fibrine (coagulum), but it would be pathological, and 
therefore to be distinguished from the normal fibrine of ecto- 
dermal origin. Moreover, the microscopic appearance of a blood 
clot or thrombus is so extremely characteristic that one can 
readily distinguish it from the placental canalized fibrine. 

The ectoderm of the villi of the placenta dififers from that of 
the chorionic membrane in several respects: i®, the cellular 
layer after the first month becomes less and less conspicuous, 
and after the fourth month 
is present only in a few iso- 
lated patches, known as the 
Zellknotetiy and carefully de- 
scribed by Langhans and 
Kastschenko ; both of these 
authors were impressed by 
the resemblance of the cells 
to those of the decidua 
serotina ; Langhans con- 
cludes that the Zellknoten 
arise from the serotina, but 
Kastschenko, having traced 
their development from the ^ut 23, - Cross-section of a vUlus from a 

chorionic epithelium, denies placenta of seven month*; three blood-vesaeb 

his predecessor's COnclu- "« shown; a,a, thickenings of the ectoderm; 

Sion, but Still clinging to the -^ * thickening transformed into canalized 

. , ' . ^ ^ fibnnc. X 222 diams. 

idea of a genetic connection 

between the Zellknoten and the decidua, reverses the reasoning, 
and concludes that the decidual cells arise in part at least from 
the Knoten. Neither of these authors have found the intermedi- 
ate forms between the two types of cells, and when we examine 
their descriptions critically we find that they have really no 
evidence except the likeness of the cells to offer in favor of 
their genetic relationship, and accordingly Langhans expresses 
himself with characteristic caution. To me the resemblance 
appears altogether superficial; hence my conclusion that the 
Zellknoten are remnants of the cellular layer. 2^ For the most 
part the villi remain covered by the nucleated protoplasm, which 
in many places is thickened. In the later stages these thicken- 
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ings are small and numerous, constituting the so-called " Proli/- 
erationS'inseln': compare Cut 15. Many of the little thicken- 
ings appear in sections of the villi, Cut 23, a^ a, and here and 
there are converted into fibrine, /. I have interpreted them 
(Wood's Reference Handbook of the Medical Sciences^ V., 695) 
as commencing buds, and consider that in earlier stages they 
grow into branches, but in later stages are in part at least 
arrested in their development. 3**, The proliferation islands are 
converted into canalized fibrine, and at the same time grow and 
fuse, forming larger patches, particularly on the larger stems : in 
this manner are produced the large areas and columns of fibrine 
found in the placenta at four months and after ; they have been 
well described by Langhans, and form a striking feature in sec- 
tions of placentae. Some of the columns, as stated by Lang- 
hans, stretch along the villi from the chorionic membrane to the 
surface of the serotina as if to act as supports. Ercolani appears, 
if I understand his account, to have seen the fibrine columns, 
without, however, ascertaining either their structure or their 
origin. 4®, Over the tips of the villi, which are bent considera- 
bly where they are imbedded in the decidua serotina, the rela- 
tions are not clear ; the epithelium is certainly not present in its 
original form over the imbedded ends of the villi, which are, 
however, surrounded by a hyaline tissue of the character of the 
canalized fibrine, except that the canals are often indistinct or 
even wanting ; the hyaline tissue forms an almost continuous 
coat over the decidual surface ; in earlier stages the ectoderm of 
the terminal villi is often considerably expanded. The natural 
interpretation of these facts is that the ectoderm of the villi ex- 
pands over the decidua serotina and degenerates. In this 
manner we account for both the absence of any cellular ecto- 
derm over the ends of the villi and the presence of canalized 
fibrine upon the serotinal surface — but the h)rpothesis must 
await the final test by observation. 

The ectoderm of the chorion laeve loses by the seventh month 
all traces of the protoplasmic layer, and is without any canalized 
fibrine, except near the placenta ; cf infra. It is transformed 
into a ZellschichL In a section of the laeve in situ at seven 
months, Cut 33, the chorionic ectoderm, c, rests directly upon 
the decidua, which has no epithelium of its own. The ecto- 
dermal cells lie two or three deep ; they are described by KoUi- 



Digitized by 



Google 



No. 3.] UTERUS AND EMBRYO, 407 

ker and Langhans, the former designating them as the chorionic 
epithelium, while the latter doubtfully traces their origin to 
the uterus. That KoUiker (Entwickelungsgeschichte, 2te Aufl., 
p. 322) is right, I am confident. It is easy to follow the layer 
of cells in question at the edge of the placenta, and see that it 
is directly continuous with the cellular layer of the frondosum, 
which it resembles in character. On the other hand, the ecto- 



Cut 24. — Placenta at full term. A, vertical radial section through the margin; 
D, decidua; vi^ aborted villi outside the placenta; Cho^ chorion; Siy circular sinus; 
Fi, placental villi; Fib^ canalized fibrine. B, portion of A more magnified to show 
the decidual tissue near b\ v, blood-vessel; d.d^f decidual cells; </, with one, d', 
with several puclei. 

dermal cells of the laeve are distinct in character from the decid- 
ual cells next to them. Cut 34, having smaller and more darkly 
stained nuclei, and much more coarsely granular protoplasm ; 
the ectodermal cells are much smaller than the decidual. The 
ectoderm is sharply marked off from the decidua, but its surface 
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is often corrugated, and then the line of separation between the 
tissues is irregular, and in sections it may even appear that 
there is a true interpenetration and mingling of the decidual and 
ectodermal cells ; but it is only apparent, and the demarcation is 
always preserved. 

At the edge of the placenta, as shown by examination of after- 
births, the relations of the layers are somewhat different. I 
reproduce with a few additions the descriptions given in my 
article on the Placenta^ of a radial section through the 
margin of a normal placenta discharged at full term. Cut 24, 
A, from which the amnion had been removed. The chorion, 
Cho, and decidua, Z>, are in immediate contact at the left of 



VI- D* 



Cut 2j, — After-birth at full term; vertical section of the amnion, chorion, and 
decidua in their natural relations near the placenta, am, amnion ; eho^ chorion; 
c, cellular layer or ectoderm; / fibrine and decidual tissue, degenerated; D\ decid- 
ual tissue. X 125 diams. 

the figure ; that is, outside of the placenta, though remnants of 
the aborted villi, vi, are still plainly recognizable ; but, as stated 
previously, they occur only in the immediate neighborhood of 
the placenta. These villi are surrounded by hyaline matter which 
resembles and can be followed into continuity with the canalized 
fibrine layer. Fib, covering the surface of the decidua serotina 
and the fibrine layer of the chorion frondosum. Below the 
aborted villi, viy of the chorion Iseve, the fibrine layer is broken 
down and penetrated by the decidual tissue, so that the demar- 

1 Wood's /Reference Handbook Medical Science ^ V., 694, 695. 
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cation between the foetal and maternal tissues is here lost, and 
in fact, at the edge of the placenta the decidual cells make their 
way into the chorionic tissue, and for a certain distance towards 
the centre of the placenta they are found lying chiefly in the 
ectoderm\ In other placentae the fibrine layer and the decidual 
tissue around the margin of the placenta have not only inter- 
grown, but also undergone a common degeneration. Cut 25, in 
consequence of which all distinct structure is obliterated, and we 
find the villi, vi^ imbedded in a stratum,/, of more or less 
colored substance, without definite organization except irregu- 
larly scattered nuclei. Attentive examination shows that this 
layer,/, has unmistakable remains, ^, of the cellular layer next 
the mesoderm of the chorion, and that it passes into an outer 
layer, i?', in which the traces of decidual structure are unmistak- 
able ; the dark line at the lower edge of the decidua, D\ is merely 
detritus and coagulum, as is often found on after-births. If we 
follow the layers in this, or a similar specimen, in the direction 
away from the placenta, the layers gradually alter, losing their 
degenerated character, until we reach a point where the 
chorionic ectoderm and the uterine decidua both exhibit their 
normal features. Returning now to the placenta we were pre- 
viously considering, Cut 24: The placental chorion begins to 
exhibit its characteristic stratification a short distance within 
the margin. I have found, however, that the distinctness of 
that stratification varies considerably, not only in different 
placentae, but also in different parts of the same placenta. The 
decidua, D, outside the placenta is very thick, but at the edge 
of the placenta it begins to thin out, and as it passes over the 
under side of the placenta, rapidly becomes so much reduced as 
to be even less in thickness than the chorion, cho. The decidua 
is everywhere crowded with an immense number of decidual 
cells, but in some other specimens they are less crowded. • The 
surface of the decidua serotina is covered by a layer of fibrine, 
easily recognized by its deep staining ; this coat of degenerated 
material has not yet received the attention it deserves, as a fea- 
ture of the human placenta, which is quite constant, so far as 
my observations go ; as stated previously, I consider its origin 
to be the epithelium of the ends of the villi imbedded in mucosa. 
Up to the edge of the placenta the chorion laeve and decidua 
are united ; at the edge they separate, to make room for the 
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villi, Viy Vt, of the frondosum. In the angle, 5/, where the two 
membranes first separate there are very few villi, so that there 
is a comparatively clear space left, which is known as the cir- 
cular sinus. It is not, as some of the older writers have believed, 
a distinct vessel, nor does it extend as a clear space completely 



Cut'26. — Placenta at full term, doubly injected by Dr. H. P. Quincy, to show 
the distribution of blood-vessels upon the surface; the arteries are drawn light; the 
veins dark. X 0.7 diams. 

around the placenta ; but, on the contrary, it is interrupted here 
and there by an ingrowth of villi. In the cut, the spaces oc- 
cupied of maternal blood are left white ; the foetal blood-vessels 
are drawn black. 

The chorionic circulation is complete in itself. The single 
vein and the two arteries of the umbilical cord spread out over 
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the surface of the chorion, marking their course by projecting 
ridges. The insertion of the cord is always, so far as I have 
observed, obviously eccentric ; the degree of eccentricity varies 
from a nearly central position to the so-called velamentous in- 
sertion, — compare B. S. Schultze, 169; the degree of eccen- 
tricity is easily seen to be related to the distribution of the 
vessels, — a point not mentioned in current text-books. The 
arteries come down together from the cord, and are usually 
connected, but not invariably, by a short transverse vessel, 
situated about half an inch above the surface of the placenta, 
-and which has been noted by many observers. I have never 
noticed any arterial or venous anastomoses on the surface of the 
placenta. The two kinds of vessels do not run together ; the 
arteries lie nearer the surface, the veins deeper. Cut 26; 
the arteries fork separately until they are represented only by 
small branches and fine vessels; some of the small branches 
disappear by dipping down suddenly into the villi below; the 
veins are considerably larger than the arteries, and some of the 
larger branches disappear from the surface in the same abrupt 
manner as do the smaller arteries. There is the greatest possi- 
ble variability in the vessels of the placenta; I have never seen 
two placentae with the vessels alike. The more eccentric the 
insertion of the cord, the more do the vessels tend to distribute 
themselves symmetrically ; the more central the position of the 
cord, the less can any vascular symmetry be made out. 

The two following paragraphs are copied without change 
from my article on the placenta (Buck's Reference Handbook of 
the Medical Sciences, V., 696, 697) : — 

" To follow the course of the foetal blood-vessels within the 
placenta, the best method is by corrosion injections. These 
may be made either with fusible metal, wax, or celloidine. The 
first is specially suited for the study of the large trunks ; the 
latter, for that of the smaller vessels also. I have a very beauti- 
ful celloidine injection by Dr. S. J. Mixter, which, with others ojf 
wax and metals, has served as the basis of the following descrip- 
tion : The veins leave the surface somewhat more abruptly than 
do the arteries, which gives off more small branches to the sur- 
face than do the veins. Cut 26. Both kinds of vessels leave 
the surface by curving downward for a short distance into the 
trunk of a villus ; the vessels then divide, and their branches 
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again take a more horizontal course; the branches then curl 
over downward, and, after a second short descent toward the 
decidua, again send out horizontal branches. The result of this 
arrangement is a terrace-like appearance in the course of the 
vessels ; they approach the uterine side of the placenta in this 
very characteristic manner. The number of terraces is variable ; 
usually there are two or three, but sometimes there is only one, 
or they may number four or even five. Arrived at the end of 
its terraces, the main vessel takes a more nearly perpendicular 

course, and rapidly subdi- 
vides. Immediately after 
entering the villi, the ar- 
teries and veins give off 
but few capillaries, but 
after a short course in the 
main stalk of the villus, 
the vessels give rise to 
many branchlets, and grad- 
ually the character of the 
circulation changes, until 
in the smallest villous 
twigs there are capilla- 
ries only. Cut 27. The 
^ . , vascular trunks have 

CtU ^7. — Portioii of an injected villiis 1 j ^ j ^ j- 

fromapUcentaof about five months; magni- ^ marked tendency tO dl- 
fied 210 diams. chotomous division, which 

is maintained within the 
villi to a certain extent; the arterioles and veinlets in the 
mature placenta go from their trunks at wide angles for the 
most part, and subdivide in the same manner, so that they 
spread out through the whole substance of the placenta. The 
vessels next the decidua take a more horizontal trend, like the 
top branches of a wind-swept tree. As the vessels run in the 
villi, of course the way in which the latter branch out deter- 
mines the paths of the former ; hence by following the distri- 
bution of the vessels we inform ourselves as to the ramifica- 
tions of the villi. Thus the horizontal course of the vessels 
on the uterine side of the placenta corresponds to the well- 
known fact that the ends of the villi attached to the uterus 
become bent and adhere by their sides to the decidual surface." 
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"The capillaries of the villi are remarkable for their large 
size, and on this account have been described as arteries or 
veins by E. H. Weber, Goodsir, and other writers. Their calibre 
is often sufficient for from four to six blood-disks abreast. They 
are very variable in diameter, and also peculiar in exhibiting 
sudden restrictions and dilatations, Cut 
27. In the short bud-like branches 
there is often only a single capillary 
loop, but as the branch becomes larger, 
the number of loops increases, and 
they form anastomoses. In branches 
large enough to serve as a stem, some 
one or two of the vessels may be en- 
larged, as may be seen in Cut 2^ ; in 
the branches large enough to admit of 
it, there are two (or sometimes only 
one) longitudinal central vessels, an ar- 
tery and vein, and a superficial network 
of capillaries. Cut 27 a. Goodsir and 
other early writers laid great stress on 
the formation of the capillary loops, but 
this feature is a common one in the de- 
velopment of the foetal vascular system, 
as is also the width of the capillaries. 
In my opinion these peculiarities are l 
characteristic rather of the foetus than , , , 

.-,,-,, _ ^ Cut 27 a. Placenta of about 

specifically of the placenta. In some of ^^^ ^^^^^s. ^^^^^ ^^ ^ ^^^^ 
the older writers (Goodsir, Farre, et al) vUlus, to show the central ves- 
it is asserted that the true capillary sys- sels and superficial capillaries, 
tem disappears toward the end of ges- ^ '^^ dia^s. 
tation. I am unable to confirm this, but find instead that in 
the slender terminal villi of the placenta at term there is often 
only a single, sometimes long, capillary loop ; the capillary is 
very wide, and its width is probably the reason of its having 
been held formerly to be a vein or an artery." 

§ 16. Uterus during: menstruation. — I have little to add to 
the descriptions of previous authors, particularly those of 
Leopold, 36, and Kolliker.^ It is, however, worth while to pre- 
sent the accompanying illustration, Cut 28, since there is a lack 

1 Kolliker's Handbuch der GewebeUhre, 5te Aufl., p. 563. 
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of figures. The cut represents a transverse section of the 
corpus uteri of a fine specimen, for which I am indebted to Dr. 
W. W. Gannett. The woman died from acute miliary tuber- 
culosis'; the autopsy was made almost immediately after death, 
and within four hours from death the complete genitalia were 
placed in MuUer's fluid, the uterus having been first carefully 
opened by a single median ventral incision. Death is said to 
have occurred on the day of the regular period. The hymen 
was intact. There was no sign of pathological change in any 
of the genitalia. In one ovary, the right, there was a fresh 
corpus kamorrhagicum. These data afford a sufficient basis for 
the belief that the uterus was well preserved in a perfectly 
normal condition. 

The mucous membrane is from 1.1-1.3 mm. thick; its sur- 
face is irregularly tumefied ; the gland openings lie for the most 
part in the depressions. In the cavity of the uterus there was 
a small blood-clot. The mucosa is sharply limited against the 
muscularis, Cut 28. In transverse sections one sees that the 
upper fourth of the mucosa is very much broken down and dis- 
integrated, Cut 28, d] the cells stain less than those of the 
deep portions of the membrane ; as represented in the cut the 
tissue is divided into numerous more or less separate small 
masses ; some of the blood-vessels appear torn through, but it 
is difficult to make sure observation : Overlach, 39, considers 
it probable that the infiltration of blood takes place by diapede- 
sin, not by rupture of the capillaries. The superficial epithe- 
lium, epy is loosened everywhere ; in places fragments of it have 
fallen off, and in some parts it is gone altogether ; it stains 
readily with cochineal and its nuclei color well, the epithelium 
differing in this respect from the underlying connective tissue, 
which does not stain well ; the blood-vessels in the disintegrated 
layer are for the most part small. 

The deeper layer of the mucosa is dense with crowded well- 
stained cells, which lie in groups separated by clearer lines ; in 
the cut this grouping shows less plainly than in the preparation ; 
the lighter channels are perhaps lymph-vessels, a suggestion 
which occurs to me, because in so-called " moulds " one some- 
times finds similar channels crowded with leucocytes. The cells 
appear to be the proliferated interglandular tissue ; there are 
very few leucocytes, so far as I can distinguish ; the cells have 
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small, oval, or elongated, darkly stained nuclei, with a very small 
granular protoplasmatic body each ; there is certainly no noticea- 
ble enlargement of the cells, but only a remarkable multiplica- 
tion. The point is important; I see nothing to suggest the 
presence of decidual cells, nothing even like definite enlarge- 
ment of any of the cells. The image of the tissue is compara- 
ble to that of the connective tissue of the rabbit's placenta at 
six days, except that there the cells are widely separated, here 
closely crowded, but in each case the cells are small, with little 
protoplasm, and connected by their processes. In another 
specimen in my possession of a normal uterus at the close of 
menstruation, the condition of the mucous membrane agrees 
with that of the specimen we have considered, except, of course, 
that the disintegrated superficial layer is lost, and that the super- 
ficial layers stain poorly. In this second specimen, also, the 
interglandular cells are small and very crowded ; there are few 
leucocytes and no decidual cells. The two specimens further 
agree in having the glands distended and contorted ; each gland 
is surrounded by a distinct basement membrane or layer of con- 
nective tissue cells closely investing the epithelium, as has been 
observed by Leopold, 36. In my article on the decidua in the 
Reference Handbook^ II., p. 390, is a summary of the changes 
occurring during menstruation, and stress is there laid upon two 
points emphasized by previous writers ; namely, the increase in 
the number of leucocytes and the presence of decidual cells. 
Since my own observations have failed to confirm these state- 
ments, I can no longer accept them. The proliferated connec- 
tive tissue cells are those, probably, which become decidual cells 
when the decidua menstrualis is changed into the decidua gravi- 
ditatis — compare the account of the one month's uterus in the 
next section. 

§ 17. Uterus one month prefirnant. — The specimen to be 
described came from a woman who committed suicide by vio- 
lence, not by poison, and I was informed that she was known to 
be about one month pregnant. Further information was not 
obtained, and I was requested not to seek it. The specimen 
was received in very fresh condition, but it had been opened, 
the reflexa was torn and pretty much gone; the embryo had 
been removed, and I was therefore unable to verify the age, or 
investigate the attachment of the villi of the chorion to the 
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Uterus. There was a beautiful corpus luteum in one ovary, quite 
similar to that figured by Dalton in his Report on the corpus 
luteum in the transactions of the American Gynaecological 
Society for 1877, Fig. 9. The surface of the uterus seemed 
uninjured. The specimen was hardened in Miiller's fluid, and 
found subsequently to be well preserved. It may be considered, 
I think, perfectly normal. 
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Cut 2g, — Uterus one month pregnant ; outlines of the glands from a vertical sec- 
tion : to show the division of the mucosa into an upper compact layer, D\ and a 
lower cavernous layer, Z>"; ^/',^/", glands; ar/, spiral artery; fWKjf, muscularis. 

My specimen enables me to confirm in most respects Turner's 
accurate description of two uteri of about the same age, 146, 
546-548. The inner surface shows the hillocks {Inseln) At- 
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scribed by Reichert in the uterus of two weeks, studied by him, 
which have been figured by Coste in slightly older specimens, 
and found by Turner also, 146, 540. 

The three illustrations given herewith are all from sections 
through what I suppose to be the placental region. 

There is an upper compact layer. Cut 29, D\ and a lower 
cavernous layer, Z>" ; the caverns, being gland cavities, which 
appear as rounded areolae lined with epithelium, are filled with 
broken-down epithelial cells. The drawing, reproduced in Cut 
29, was obtained by drawing the outlines very carefully, stip- 
pling the areas occupied by the connective tissue, representing 
the blood-vessels by double outlines, and omitting the glandular 



Cut 30, — Uterus one month pregnant; portion of the compact layer of the de- 
cidua seen in vertical section; coagiy coagulum upon the surface; d, (f, decidual 
cells. X 445 diams. 

epithelium altogether. It will be noticed that about three- 
fourths of the diameter of the mucosa is occupied by the 
cavernous layer, Z>". 

The upper or compact layer is shown in Cut 30. The surface 
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is without any trace of epithelium, but is covered only by a thin 
fibrous and granular coagulum, coagl ; the tissue itself consists 
almost exclusively of young decidual cells, dy d\ with a clear 
homogeneous matrix; here and there are leucocytes, but they 
are nowhere numerous ; the decidual cells are all quite large, 
with their bodies deeply stained by the eosine ; the nuclei are 
round, oval, or slightly irregular in shape, coarsely granular, and 
sharp in outline; the cells themselves, though irregular and 
variable in shape, are all more or less rounded with processes 
running off in various directions; scattered between the cells 
are many sections of their processes; occasionally it can be 
seen that two cells are connected ; in fact, we have in this 
tissue evidently a modified embryonic or so-called anastomosing 
connective tissue. Now, as we know through the observations 
of Leopold, 36, which I have verified, the connective tissue of 
the uterine mucosa consists of anastomosing cells, and as stated 
in the previous section, the cells are found proliferated in the 
menstruating uterus ; we have therefore only to imagine the 
cells enlarged with certain accompanying modifications, to obtain 
the tissue figured in Cut 30. There is no special formation of 
cells around the blood-vessels, where, according to Ercolani, the 
decidual tissue arises by new formation. In Turner's specimens 
the upper part of the compact layer was imperfectly preserved, 
but according to his description there appears to have been a 
coagulum similar to that which I have found, but thicker. In 
the deep part of the layer the cells are less enlarged, and when 
the cavernous layer is reached, there occurs a rapid transition 
in the character of the cells, which become smaller and more 
fusiform, and their nuclei more elongate, smaller, and deeper 
stained by alum-cochineal. The gland openings upon the sur- 
face of the uterus lead into tubes, Cut 30, gl\ which run slightly 
obliquely through the compact layer, taking a more or less 
nearly straight course and joining the contorted gland tubes, 
Cut 30, gP\ of the cavernous layer. The gland ducts are com- 
pletely devoid of lining epithelium, which has disappeared 
except for a very few loose cells, occasionally found l)dng free 
in the ducts ; the cells have not fallen out from the sections, 
but were lost before the tissue was imbedded. ^ The ducts then 

^ The blocks to be cut were stained in toto with alum-cochineal and eosine, im- 
bedded in paraffine, etc. The sections were fastened on the slide with celloidine, to 
keep the parts in place. 
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are wide tubes running nearly straight through the upper part 
of the decidua and bounded directly by the decidual tissue ; 
they communicate below with a contorted cavity. Similar tubes 
appear in later stages and have been described as blood-vessels 
— see the next section. 

The cavernous layer contains numerous spaces, the areolae of 
Turner, 146, 547, who was uncertain as to their character, 

though he ascertained 
that many of them be- 
longed to the glandular 
system. In my specimen 
it is perfectly clear that 
all the larger areolae be- 
long to the glands, which 
must be extremely dis- 
torted and distended to 
give the shapes shown 
in Cut 29. The thin dis- 
sepiments between the 

Cut ^t, — Uterus one month pregnant; sec- * j r 

tion of gland from cavernous layer, with the epi- ^^eolae are composed of 
thelium partly adherent to the walls. X 445 Connective tissUC, the 

dian». . long dark nuclei of which, 

Cut 31, are strikingly different from those of the cells of the 
compact layer. Cut 30. The areolae present two extreme modifi- 
cations and all intermediate phases between these two. The 
smaller areolae are lined by a well-preserved cylinder epithe- 
fium, or by one in which the cells are separated by small fis- 
sures; in other areolae the cells are a little larger, Cut 31, each 
for the most part cleft from its fellows, and some of them loos- 
ened from the wall and lying free in the cavity. The other 
extreme is represented in Cut 32 ; the size of the areolae is 
much increased, — compare Cuts 31 and 32, — both drawn on 
the same scale; the epithelium is entirely loosened from the 
wall, and the cells lie separately in the cavity which they fill ; 
the cells are greatly enlarged, their bodies having three or four 
times the diameter of the cells in the small areolae ; they have 
not the cyhnder shape, but are irregular in outline : their proto- 
plasm is finely granular and stains rather lightly ; the nuclei are 
large, rounded, glandular, and with sharp outlines ; they are less 
darkly stained than the nuclei of the epithelium of Cut 31. 
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The obvious interpretation of the appearances described is, 
that the glandular epithelium is breaking down, that it is lost 
altogether from the ducts, but is still present in the deep por- 
tions of the glands ; in breaking down the cells separate from 



Cut 32. — Uterus one month pregnant; section of gland from cavernous layer, 
with the epithelium loosened from the walls; X 445 di&ins. 

one another, and then from the wall, and falling into the gland 
cavity, there enlarge, the cavity enlarging also. Similar appear- 
ances are also found in " moulds " of the second month ; very 
likely they have been often observed and mistaken for patholog- 
ical changes. 

The blood-vessels of course lie in the dissepiments between 
the glands. I observed nothing to correspond with the " colos- 
sal capillaries dilated into small sinuses," mentioned by Turner 
146, 548. Were not these supposed capillaries gland cavities, 
from which the epithelium had fallen out.? Occasionally the 
sections pass through a spiral artery, Cut 29, art^ which is cut 
again and again as it twists around in its characteristic separate 
column of connective tissue. 

§ 18. Uterus seven months presrnanty with the foetal mem- 
branes in place. — The specimen to be described was obtained 
for me through the kindness of Dr. W. W. Gannett. It is an 
apparently normal uterus, which contained a normal embryo 
weighing 11 50 grammes and having an umbilical cord 58 centi- 
metres long, — proTjably about seven months old, or a little 
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more: there were no data as to the duration of gestation. 
The uterus was opened, and preserved in Miiller's fluid without 
disturbing the membranes. 

A section through the amnion, chorion laeve, and uterine 
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mucosa, stained with haematoxyline, and viewed with a low 
power, is represented in Cut 33 ; the dark spots are maternal 
blood-vessels, which have been shaded for the sake of clearness. 
The amnion, am, and chorion,, cho, present the characteristics 
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previously described, §§ 14, 15 ; the chorion is bounded against 
the decidua by an epithelium c, which I interpret as the chori- 
onic ectoderm; there is no trace of a second layer of epithe- 
lium ; so that the uterine epithelium must be considered lost, a 
conclusion agreeing with the observations of Kolliker, Turner, 
and myself upon earlier stages, and the statements of Ercolani. 
The decidua has eight or nine times the thickness of the cho- 
rion ; it has an upper compact and a lower cavernous layer ; the 
former contains numerous decidual cells, most of which are a 
little larger than those nearer the muscularis; the compact 
layer contains a few blood-vessels of moderate calibre, and occa- 
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Cut 34. — Uterus about seven months pregnant; upper portion of decidua vera, 
with the chorion laeve in situ, mes^ mesodermic layer of chorion; <f/, epithelial 
layer of chorion; D\ decidua. X 340 diams. 

sionally a large vessel, z/, surrounded by connective tissue contain- 
ing no decidual cells. Examined with a higher power, the decid- 
ual cells — compare Cut 34, Z>' — are found to resemble quite 
closely those at one month. Cut 30, but they are much more 
numerous and closer together, and their processes are fewer ; 
they vary also more in size ; some of the larger ones are multi- 
nucleate ; it is probable that the cells are multiplying by divis- 
ion ; the matrix presents a fibrous look, but whether it contains 
actual fibres, I am not sure ; between the decidual cells are a 
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Cut 3^, — Section through a normal placenta of seven months, m jt/w. Am^ 
amnion; Cho^ chorion; Vi^ villus trunk; vi^ sections of villi in the substance of the 
placenta; /?, decidua; Mc^ muscularis; D\ compact layer of decidua; Ve^ uterine 
blood-vessel (or gland?) opening into the placenta. The fcetal blood-vessels are 
drawn black; the maternal blood spaces are left white; the chorionic tissue is j 
stippled, except the canalized fibrine, which is shaded by lines; the remnants of the ^^ 
gland cavities in Z?" are stippled dark. (Drawn from nature by J. H. Emerton.) J 
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certain number of nuclei, some of which belong to leucocytes, 
others to blood capillaries, and still others, which I am uncer- 
tain about, which are few in number, and possibly belong to 
connective tissue corpuscles. The cavernous layer resembles 
now, in contrast to the first month, the upper layer of the de- 
cidua in histological constitution, but the decidual cells are 
smaller and at little wider intervals from one another ; the cav- 
ernous layer is especially characterized by the slit-like spaces in 
it ; some of these spaces, as indicated by the drawing, Cut 33, 
are undoubtedly blood-vessels or sinuses, but still others contain 
no blood, or at most three or four isolated corpuscles, although 
close to them are capillaries gorged with blood ; once in a while 
a few epithelioid cells can be seen adhering to the walls of the 
spaces. These spaces can hardly be assigned to the vascular 
system ; they have been held by Kundrat and Engelmann, 180, 
and various subsequent writers, to be the gland cavities; we 
have not sufficient observations to establish the actual meta- 
morphosis of the areolae of the one month's uterus into the 
slits, gly of Cuts 33 and 35, D\ but there is no ground to ques- 
tion the occurrence of the change, which appears to be a neces- 
sary consequence of the stretching of the decidua due to the 
expansion of the uterus during pregnancy. 

A complete section through the placenta in situ and uterus is 
represented in Cut 35, which has already appeared in my arti- 
cle, " Placenta " (Buck's Handbook, V., 696), and been sufficiently 
described. The chorion is separated by a dense forest of villi 
from the decidua, D ; the ends of some of the villi touch and 
are imbedded in the decidual tissue ; these imbedded ends are 
without epithelium, but their connective tissue is immediately 
surrounded by hyaline substance. The decidua is plainly 
divided into two strata — cf, infra. The section passes through 
a wide tube', Ve, which opens directly into the interior of the 
placenta and contains blood ; in my article, /.r., this opening is 
referred to as that of a vein, the identification being in accord- 
ance with my understanding of the descriptions of Waldeyer,^ 
149. Professor Langhans has since informed me, that accord- 
ing to his own observations the opening of the arteries are char- 
acterized by the absence of villi projecting into their openings* 

^ I am under much obligation to Professor Waldeyer for an opportunity to examine 
tome of the injected specimens upon which his very important researches were con- 
ducted. 
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His pupil, Raissa Nitabuch, has since published a dissertation, 
117, confirming this opinion, according to which the vessel 
shown in Cut 35, Ve, is not venous, but arterial. Another pos- 
sibility has occurred to me, viz. : that it is a gland duct ; in 
fact, it resembles very closely the undoubted gland ducts of the 
one month's decidua : there is no reason apparent why the gland 
ducts, which pass nearly vertically through the compact layer, 
should be obliterated; on the contrary, one might expect to 
find them widened by the stretching of the uterus ; as there is 
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Cut 36. — Uterus of seven months, vertical section of the decidua serotina from 
near the margin of the placenta, mc^ muscularis; Z)', D*\ decidua serotina; D\ 
cavernous or spongy layer; /?", compact layer; Fi, scattered chorionic villi. The 
intervillous spaces were filled with blood, which is not represented in the figure, 
X50 diams. 

blood in the intervillous spaces, it could easily make its way 
into the distended glands, and its presence there would not 
prove the glands to be blood-vessels. While, therefore, I ac- 
cept Waldeyer's researches, 149, as well as those of Langhans 
and Nitabuch, 117, as verifying Farre's neglected account, 
172, 722, of the placental circulation, I venture to express a 
note of caution as to the danger of mistaking glandular for vas- 
cular openings. 
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The following additional points deserve notice : The serotina 
is about 1.5 mm. thick, and contains an enormous number of 
decidual cells, Cut 36. The cavernous, D\ and compact layers, 
n\ are very clearly separated ; the mucosa is sharply marked 
off from the muscularis, mc^ although scattered decidual cells 
have penetrated between the muscular fibres. The muscularis 
is about 10 mm. thick, and is characterized by the presence 
of quite large and numerous venous thrombi, especially in the 
part towards the decidua. The decidua contains few blood- 
vessels. Upon the surface of the decidua can be distinguished 
a special layer of mingled hyaline and decidual tissue, which in 
many places is interrupted by the ends of the chorionic villi, as 
is well shown in Cut 36. The supposed gland cavities of the 
spongy layer, D\ are long and slit-like ; they are filled for the 
most part with fine granular matter, which colors light blue 
with haematoxyline ; they also contain a little blood, sometimes 
a few decidual cells. 

I have seen in them S^rr^JtN \ i 

also a few oval bod- " ^ 

ies several times 
larger than any of 
the decidual cells, 
and presenting a 
vacuolated appear- 
ance ; what these 
bodies are, I have 
not ascertained. In 
places the glandu- 
lar epithelium is 
distinct ; its cells 
vary greatly in ap- 
pearance, neighbor- 
ing cells being 
often quite dissimi- 
lar; nearly all are 
cuboidal, but some are flattened out ; of the former there are 
some with darkly stained nuclei, but the majority of the cells are 
enlarged, with greatly enlarged hyaline, very refringent nuclei. 

The decidual cells are smaller and more crowded in the cav- 
ernous layer, and mostly larger in the compact layer — compare 




Cut J7. — Decidual cells from the section represented 
in part in Cut 36. a^ b^ </, /, various forms of cells from 
serotina; r, giant cell from the margin of the placenta; 
^, clear cells from chorion; at a, seven blood globules 
have been drawn in to scale. X 545 diams. 
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Cut 36. The largest cells are scattered through the compact 
layer, but are most numerous towards the surface. The decid- 
ual cells exhibit great variety in their features, Cut 37 ; they are 
nearly all oval disks, so that their outlines vary according as they 
happen to lie in the tissue ; they vary greatly in size ; the larger 
they are, the more nuclei they contain ; but I observe no cells 
with more than ten nuclei. The nuclei are usually more or less 
elongated; the contents of the cells granular. Some of the 
cells present another type ; these are more nearly round, clear, 
and transparent, e ; the nucleus is round, stained lightly, and 
contains relatively few and small granules ; such cells are most 
numerous about the placental margin.^ 

§ 19. litems twelve hours after abortion at six months. — 
For this specimen, also, I am indebted to Dr. W. W. Gannett. 
The woman was brought into the Boston City Hospital in a 
comatose condition ; the foetus, estimated to be about six months, 
was removed by the forceps ; the mother died twelve hours later ; 
the autopsy by Dr. Gannett showed death to have been caused 
by tubercular meningitis. The uterus is apparently normal ; I 
received it in a fresh state, and hardened it in MuUer's fluid. It 
was already very much contracted ; the mucosa measured about 
2 mm. in thickness ; its surface was ragged and more or less cov- 
ered with clotted blood, presenting very much the appearance 
so superbly figured by Coste {Diveloppement des Corps organis/s, 
PI. X., l^sptee humaine). 

Vertical sections. Cut 38, show that the surfaces of the mu- 
cosa are very uneven ; on the free surface there is a thin layer 
of clotted blood, coagl\ the upper or compact layer of the 
decidua has entirely disappeared, leaving only the deep portion, 
Dy permeated by numerous large empty spaces, which I take to 
be in part gland cavities, in part blood sinuses, both changed 
from their slit-like form by the contraction of the uterus during 
and since the delivery of the child. Between the spaces are the 
brownish and hyaline cells, and a great many blood-corpuscles, 
which lie throughout the tissue itself as well as in the blood-ves- 
sels. In short, the conditions found agree with those described 
by Leopold as present in the uterus a short time after normal 
delivery at full term, 36, and accordingly, further details con- 
cerning my specimen may be omitted. 

1 This and the preceding paragraph are taken with sundry alterations from my 
article on the placenta, /.i.r. 
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§ 20. Origin of decidual cells. — Besides the erroneous hy- 
pothesis of Ercolani, there are three views as to the origin of 
the decidual cells known to me, to wit : i", they are modified 
leucocytes (Hennig, Langhans, et al) ; 2®, they arise from the 
connective tissue cells of the mucosa (Leopold, 36) ; 3°, they 
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are produced by the epithelium (Overlach, 39). The first view 
is not supported by observation, even by its advocates, and may 
be dismissed. Overlach's observations certainly favor the third 
view, but inasmuch as he has studied only one uterus with 
pseudo-menstruation from acute phosphorus poisoning, his the- 
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ory cannot be accepted definitely until verified by further obser- 
vations on normal uteri. Overlach found in the cervix of the 
uterus in question, the lining epithelial cells to contain an en- 
dogenous brood of small cells, one to fifteen in each parent-cell ; 
the daughter-cells begin as nuclei, around which there gathers 
a protoplasmatic body for each. The cells are like the young 
decidual cells just below, so that the latter may be assumed to 
have wandered forth from the epithelium. I may recall that in 
the normal menstruating uterus I find no true decidual cells, 
and consequently I must regard Overlach's find as pathological. 

The observations of Creighton, of Masquelin and Swaen, and 
of myself may be fairly considered to establish the fact that in 
rodents, at least, the decidual cells arise from the connective 
tissue cells of the mucosa. That they arise from the same cells 
in man is rendered extremely probable by the investigations of 
Leopold, which have been confirmed and extended by the obser- 
vations recorded in §§ i6, 17, and 18, of the present article. 
Accordingly I assent to the second of the views above enumer- 
ated. 

Ercolani erroneously regarded the decidual tissue as a new 
formation, arising after the total destruction of the mucosa. He 
observed the degenerative processes of the uterine epithelium, 
and the arrangement of the decidual cells around the vessels of 
the placenta in rodents and other mammals ; he inferred that 
the whole mucosa was degenerated and lost, but he never estab- 
lished the inference by observation ; he also inferred that the 
perivascular cells, being different from the surrounding tissues, 
were a new formation, but he never traced the actual genesis of 
the cells. In spite, however, of the absence of the observations 
necessary to establish his double thesis of the total destruction 
of the mucosa and the new formation of the decidua, he advo- 
cated his doctrine with the greatest earnestness, even to the 
last — see 91, 92. The failure of his hypothesis to find accept- 
ance has been due not to any unreadiness to bestow merited 
acknowledgment upon his researches, but to the incompatibil- 
ity of the hypothesis itself with the ascertained facts of the 
structure and development of the placenta. While, therefore, 
we utilize Ercolani's numerous and valuable observations, it will 
be a distinct gain for science to set aside his theory of the new 
formation of the decidua. 
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§ 21. General considerations. — We are now in a position to 
compare the changes in the uterus during menstruation and 
gestation. In both cases the processes begin with tumefaction 
and hyperaemia of the mucosa ; they continue with hyperplasia 
of the connective tissue (the decidual cells being regarded as 
modified connective tissue corpuscles) and with hypertrophy, 
accompanied by distention and contortion of the glands ; they 
both close with casting off the superficial layers of the mucosa, 
after which follows the regeneration of the membrane. The 
essential steps, then, are the same in both cases. The difference 
is, that during the long life of the decidua graviditatis^ changes 
supervene in the tissues which do not take place during the 
rapid menstrual cycle ; the mucosa of gestation is distinguished 
by the loss of both its surface and glandular epithelium, and by 
the enlargement of its connective tissue cells into so-called de- 
cidual cells. We must accordingly view the changes in the 
uterus during gestation as a prolonged and modified menstrual 
cycle. The relation in time between menstruation and the com- 
mencement of pregnancy is attributable to the menstrual pro- 
cess rendering the uterus receptive ; that is to say, capable of 
receiving and retaining the ovum. We must conceive that the 
ovum has no power of initiating the development of a decidua, 
but only of modifying the menstrual process ; hence pregnancy 
can begin only at a menstrual period. The ovum, too, exercises 
this influence at a distance, for in all mammals, the earliest de- 
velopment of which is known, the ovum passes through its seg- 
mentation in the oviduct (Fallopian tube), and takes from three 
to eight days to reach the uterus ; but during this period the 
change in the womb is going on. The most plausible explana- 
tion of this action of the ovum at a distance is a reflex stimulus 
passing from the oviduct to the central nervous system of the 
mother, and thence back to the uterus ; the validity of this hy- 
pothesis must be tested by physiological experiment. That the 
nerves are able to effect morphological changes is already 
abundantly proven, not only by the influence of the secretory 
nerves upon gland cells, by the degeneration of muscular and 
other tissues, when their nerves are severed, but also by certain 
embryological observations tending to show that histological 
differentiation does not progress very far until the tissues are 
joined by the outgrowing nerves. 
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When the ovum reaches the uterus, it appears to exert a 
more direct influence, for one set of changes occurs in the 
placental area, where there is concrescence of foetal and mater- 
nal parts ; another in the region around the placenta (peri-pla- 
centa, decidua reflexa), and still another in the rest of the uterus 
(decidua vera, ob-placenta). Whether the three zones enumer- 
ated can be distinguished in the pregnant uteri of all placental 
mammals, and whether they have more features in common than 
appear from a direct comparison between man and the rabbit, 
are questions to be decided by increased knowledge. However, 
it already seems very probable that the decidua reflexa and 
peri-placenta are homologous at least in rodents. 

Concerning the evolution of the amnion nothing definite is 
known, nor do the speculations of Balfour {Comparative Em- 
bryology^ II., 256) nor of van Beneden and Julin, 44, 425, seem 
satisfactory, although the* view of the latter is suggestive. 
They say : — 

*"Dans notre opinion, la cause determinante de la formation de 
renvellope amniotique reside dans la descente de Tembryon, d^ter- 
min^e elle mSme par le pois du corps. C'est par une accd^ration du 
d^veloppement que la cavitd amniotique en est venu a se former quand 
Tembryon ne possfede encore qu*un pois insignifiant.' The chief ob- 
jection to this theory is that it really gives no cause for the expansion of 
the somatopleure and chorion ; there is no proof that a mere strain of 
weight can cause the cells of a membrane to proliferate, and since such 
proliferation is the immediate cause of the growth of the amnion, van 
Beneden and Julin must assume for their theory that the strain of weight 
does cause proliferation ; but this assumption lacks support. Moreover, 
they give no evidence to show that the embryo in utero is situated in 
the primitive amniota upon the upper side of the ovum, although it is 
probable such is the case." * 

Ryder's theory, 19, of the origin of the amnion, like that of 
van Beneden and Julin, to which he does not refer, is purely 
mechanical ; but Ryder seeks the cause in a rigid zona radiata^ 
forcing the embryo down into the yolk. See his summary, /.^., 
p. 184. So far as we know, however, the embryo of the Sau- 
ropsida cannot be said to sink into the yolk, and so lead to the 
development of an amnion ; but, on the contrary, the amniotic 

^ Quoted from Buck's Reference Handbook^ I., 140. 
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folds rise up clear above the yolk. Moreover, the formation of 
the amnion is really a very complex process, part arising from 
the pro-amnion, part by a dilation of the pericardial cavity 
{Parietalhbhle)y and part as the extra-embryonic tail folds. 
These facts speak, in my judgment, unequivocally against the 
amnion having arisen by the sinking of the embryo into the 
yolk sack. Nor is there any justification, I think, for seeking 
these simple mechanical explanations, which are worthy of 
Herbert Spencer, since the formation of the amnion depends 
upon inequalities in the growth power of the germ layers, and 
only such explanation can be valid as explains that inequality — 
which Ryder's hypothesis fails to do, so far as I can see. 

As regards the evolution of the placenta, we are in the dark. 
Contrary to prevalent opinion, it is not an organ of the allantois, 
nor is it an organ of the yolk sack. Qn the contrary, it is 
always, so far as we know, an organ of the chorion, and begins 
its development by a differentiation of that membrane. The 
allantois is a secondary and later structure. Its primitive rdle 
is apparently only that of a stalk of connection between the 
chorion and embryo. There is no evidence to show that the 
tissue of the allantois spreads out over the chorion to form the 
mesodermic layer thereof, but the mesoderm of the chorion is 
proper to it as much as to any part of the somatopleure the 
mesoderm thereof. When the allantois becomes a large sack, 
we have a subsidiary change, so that we are brought squarely to 
the conclusion that the foetal placenta is chorionic. From this 
premise phylogenetic speculation must start. Further, we know 
through the discovery of fundamental importance by His that 
the allantois cavity is at first a small entodermal tube lying in a 
posterior prolongation' of the body (Batickstiet), and that at this 
time the so-called allantoic vessels run to and branch out upon 
the chorion; the placental differentiation of the chorion has 
already begun, without participation of the allantois, the en- 
largement of which, when it occurs at all, occurs at a later 
stage. To speak, therefore, of an allantoic chorion as do Bal- 
four and Selenka {Studien fiber Entwichelungsges^y p. 135) is 
unjustifiable. Nor can we trace the origin of the placenta to 
the yolk sack, since in most mammals the mesoderm does not 
spread over the yolk until quite late, so that the yolk sack 
consists, as in the rabbit and opossum, in large part of ectoderm 
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and entoderm only, and is without vessels, and therefore unable 
to form a placenta, which, however, is developing meanwhile 
from the chorion. 

We seek nowadays, following the lead of Professor Cope, to 
deduce mammalia from the reptilia. Since the reptilia have a 
free allantois, it is a temptation for embryologists to seek to 
trace the placenta to a modification of the allantois ; but the 
placenta of mammals appears in the embryo before the allantois 
becomes free, and the great size of the allantoic vessels is con- 
nected primitively not with the allantois, but with the already 
important chorionic circulation. The placenta is interpolated 
in the ontogeny of mammals before the specialization of the 
allantois, which functions as the vascular pathway between the 
embryo and the chorion, both primitively and permanently. 
The enlargement of the allantois, which takes place in certain 
mammals, is a supervening change, probably a survival of rep- 
tilian ontogeny. The question is, not how is the connection of 
the allantois with the placenta (chorion) established in mammals, 
for it exists from the start,* but what becomes of it in reptiles 
and birds. 

Ryder's theory, 128a, of the origin of the discoidal pla- 
centa ^ by constriction of the villous area of the zonary placenta, 
is difficult to accept. The placenta, being chorionic, cannot of 
course develop, except so far as the chorion is differentiated ; 
that is to say, so far as the ectoderm (exochorion) is underlaid 
by mesoderm. Now, in mammals, the chorion, as mentioned 
above, does not go at first but part way over the yolk sack, even 
at the period when the development of the placenta has begun. 
Accordingly, so far as our present knowledge enables us to 
judge, the discoidal is probably the primitive placental type. 
If the chorion is completed by the further extension of the 
mesoderm around the yolk sack, then the placental formation 
also may spread, and a diffuse type arise. At present, the 
whole subject is very obscure, but there is certainly no suffi- 
cient evidence to prove that the diffuse placenta is the primi- 
tive type. 

In conclusion, let me point out that we have no satisfactory 

^ This is beautifully shown by Selenka's investigations on the opossum, cited in the 
text. 

' The human placenta is not discoidal, but metadiscoidal. 
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knowledge of the nutrition of the embryo. We know positively 
scarcely more than that the maternal and foetal circulations are 
brought very close together in the placenta. We infer that 
there must be a transfer of nutritive material from one blood to 
the other. As to wftat material is transferred and howy we have 
only theories, but of them an abundance. Under these circum- 
stances, the best beginning is undoubtedly a frank acknowledg- 
ment of our ignorance. 

§ 22. Summary. — The following paragraphs attempt to give 
the more important of the conclusions reached in the second 
part of this paper. 

§ 13. The umbilical cord is not covered by the amnion, but 
by an extension of the foetal epidermis. Its coelomatic cavity 
is completely obliterated during the third month, and a little 
later the stalk of the yolk sack is resorbed. The allantoic epi- 
thelium persists as a tube or cord of cells for a long period. 
The blood-vessels have specialized walls derived from the sur- 
rounding mesoderm, but have no true adventitia. Connective 
tissue fibres begin to develop during the third month. 

§ 14. The amnion is covered by a single layer of ectodermal 
cells, which are connected by conspicuous intercellular bridges. 
It has no true stomata. Its mesoderm consists of anastomosing 
cells, with a dense matrix ; it is imperfectly divided into three 
strata, of which that next the ectoderm is without cells, that 
furthest from the ectoderm is often of a loose texture. 

§ 15. The chorion consists of two layers, mesoderm and ecto- 
derm, both of which are present over all parts of the chorion 
throughout the entire period of pregnancy. The mesoderm has 
at first a dense colorable matrix, with cells, which color very 
slightly. During the second month the matrix loses its coloring 
property, and subsequently the cells acquire a greater affinity 
for coloring-matters ; the matrix assumes a fibrous appearance, 
and ultimately in the region of the chorion frondosum connec- 
tive tissue fibrils appear in it, most numerously next the ecto- 
derm, so that the mesoderm is differentiated there into an outer 
fibrillar layer and an inner and thicker stroma layer. The ecto- 
derm during the first month divides into two strata, an outer 
dense protoplasmic layer and an inner less dense cellular layer. 
In the latter part of pregnancy the whole ectoderm of the chorion 
laeve has acquired the character of the cellular layer, except close 
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to the margin of the placenta ; at the same period the cellular 
layer forms a number of irregular patches over the chorion laeve, 
while the protoplasmic layer remains over the entire surface, 
both where the cellular is present and where it is absent ; the 
protoplasmic layer may undergo complete or partial degenera- 
tion into canalized fibrine, which is developed in irregular 
patches. The cellular layer remains on the villi only in a few 
patches (Zellknoten) and over the tips of certain villi ; the pro- 
toplasmic layer of the villi remains everywhere and develops 
numerous nodular thickenings ; it changes partially into canal- 
ized fibrine. It is probable that the fibrine covering the surface 
of the decidua serotina is derived from the ectoderm of the ends 
of the villi imbedded in the decidua. The villi are at first of 
awkward and irregular forms, but their branching gradually 
becomes more regular, and the twigs acquire a slender and 
more uniform shape. 

§ 1 6. The menstruating uterus is characterized by hyperaemia, 
by hyperplasia of the connective tissue of the mucosa, and by 
hypertrophy of the uterine glands; the upper fourth of the 
mucosa is loosened and breaks off : there are no decidual cells. 

§ 17. The uterus one month pregnant has lost its epithelium 
from its surface, and from the ducts of its glands ; owing to the 
dilatation and contortion of the deep parts of the glands, it is 
divided into a lower cavernous or spongy layer and an upper 
compact layer; the connective tissue of the upper layer is 
transformed into decidual cells ; in sections the glands of the 
lower layer appear as crowded areolae, which are lined by a 
cylinder epithelium more or less disintegrated, or else filled 
with isolated enlarged epithelial cells. 

§ 18. The uterus seven months pregnant is without epithe- 
lium either on its surface or in the glands, except a few isolated 
patches in the deep parts of the latter ; there is no trace of the 
decidua reflexa ; the decidua vera is covered by the epithelium 
of the adherent chorion laeve ; the decidual serotina is covered 
for the m6st part by a layer of fibrine, which is probably derived 
from the degeneration of the chorionic ectoderm covering the 
imbedded ends of the villi; the decidua is divisible into an 
upper compact and a lower cavernous layer, in which latter the 
gland cavities are reduced to slits ; the decidual cells are very 
numerous and crowded ; the larger ones lie near the chorion ; 
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the multinucleate decidual cells are found chiefly in the serotina; 
at the edge of the placenta decidual cells are found in the 
chorion. 

§ 20. The decidual cells arise by direct enlargement of the 
connective tissue cells of the mucosa. All parts of the decidua 
and placenta arise in place by metamorphosis of the tissue ; the 
mucosa is preserved, and there is no production of placental 
tissues by new formation. 

§ 21. The changes of the uterus during menstruation and 
gestation are homologous, the menstrual cycle being prolonged 
and modified by pregnancy ; hence it is that conception ts^es 
place only at the menstrual period, for the ovum can only 
modify the menstrual change, not initiate the formation of a 
decidua. No satisfactory explanation of the origin of the am- 
nion has yet been ofiFered. The placenta is an organ of the 
chorion; its evolution cannot be traced to modifications of 
either the allantois or the yolk sack ; the allantois is originally 
the intestinal canal of the BauchsHel^ which serves as the means 
of vascular communication between the chorion and embryo; 
the enlargement of the allantois is secondary. We possess no 
positive information as to how the placenta performs its nutri- 
tive functions. 

Boston, Aug. 3, 1888. 
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EXPLANATION OF PLATES. 

Nearly all the figures were drawn by Mr. £. Stanley Abbot under my supervision. 
The outlines were drawn with the camera ludda, and the details added free-hand. 
The drawings are all accurate representations of the preparations, and though of 
course not photographically exact, are not diagrammatic, except in the case of a few 
figures expressly specified below. I owe much to Mr. Abbot's patient skill. 
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ali, allantois. 




mes, mesoderm. 


ctfif circular muscles. 




mo.cl, monster cells. 


connt connective tissue. 




msth, mesothelium. 


ecio^ foetal ectoderm. 




muc, mucosa. 


embf embryo. 




musCf muscularis. 


en, entoderm. 
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endo, endothelium. 




ojt, outer zone of placenta. 


ep, epithelium. 
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/ placental fissure. 
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git gland ; glandular layei 
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Sgl.Zt subglandular zone. 


h,ep, hyaline epithelium. 




V, blood-vessel. 


/, leucocytes. 




vaCf vacuole. 


Im, longitudinal muscles. 
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EXPLANATION OF PLATE XXVI. 

Fig. I. Placenta of rabbit at dght days, with dilated glands,^, and supajacent 
foetal ectodenn, eeto (X 125 diami.)* 

Fig. 3. Rabbit's uterus at nine days, transverse section of a swelling (X 7 diams.). 

Fig. 3. Portion of the placenta of Fig. 2 (X 445 diams.}, to show the connectiye 
tissue, conn^ the perivascular cells, /^.t/, and the thickened endothelium, endo^ of the 
blood capillaries. 

Fig. 4. Portion of the periplacenta of Fig. 3 ( X 175 diams.), to show the degen- 
eration of the epithelium, iLtp. 
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EXPLANATION OF PLATE XXVH. 

Fig. 5. Portion of the ob-placenta of Fig. 2 ( X 175 diams.), to show the degen- 
erated epithelium, h,ept and the saucer-ihaped gluids, gi, gf. 

Fig. 6. Rabbit's uterus of eleven days; portion of Ae ob-placenta to show the 
degenerated epithelium, h^, and the regenerated glands, gi (X 175 diams.). 

Fig. 7. Portion of the placenta of Fig. a ( X 175 diams.), to show the degenera- 
tion of the uterine tissue and the relations of the foetal ectoderm to the placental 
surface. 

Fig. 10. Rabbit* s uterus of thirteen days; portion of the ob-placenta ( X 175 
diams.}, to show the regenerated glands. 

Fig. II. Portions of the epithelium of the periplacenta at thirteen days. A, ver- 
tical section (X 175 diams.). B, surface view (X 175 diams.)- C, single cell 
(X445d»™*0' 



Digitized by 



Google 



Jonnial of I 



Pl.XXTII 



.0 



hr/i.t^ 



0l 






-^..-•, 






.3 '<^f. 









■.4- 



'■^'^ 



«> 






h eft . 



^'- o^' 






.^t -^ 



rK,. 



\'\' 



.<// 



?»»o^ ' 



ffi 



\ ' 



Digitized by VjOOQiC 



Digitized by 



Google 



Digitized by 



Google 



46o MINOT. 



EXPLANATION OF PLATE XXVIII. 

Fig. 8. Portion of a vertical section of the placenta at eleven days of a rabbit, to 
show the relations of the mesothelium, mjM, to the top, and of the ectoderm, ecto^ 
to the side of the placenta (X 175 diams.)- 

Fig. 9. Complete transverse section of a rabbit's uterus at thirteen days, with the 
embryo, emb^ in place ( X 7 diams.) ; the details are only approximately accurate ; 
JT, mass of perivascular decidual cells, developed in the region of the ob-placenta. 

Fig. 12. Rabbit's uterus at fifteen days; portion of a section through the placenta 
(X 90 diams.), to show the degenerated glands,^, and the mesoderm, mes^ and meso- 
thelium, msih^ covering the surface of the placenta; the blood-vessels are drawn 
dark. 

Fig. 13. Portion t)f upper part of a rabbit's placenta at fifteen days ( X 340 
diams.), to show the histological structure of the glandular layer of the placenta. 

Fig. 14. Multinucleate decidual cells from the subglandular zone of a rabbit's 
placenta at fifteen days ( X 540 diams.). 

Fig. 15. Uninucleate perivascular decidual cells from the outer zone of a rabbit's 
placenta at fifteen days ( X 540 diams.). 

Fig. 16. Endothelium from the blood-vessels of the periplacenta of a rabbit at 
fifteen days ( X 240 diams.). A, surface view; B, C, in section. 

Fia 17. Ob-placenta of a rabbit at fifteen days (X 125 diams.), to show the 
monster cells, a^ 3, <r, and the uterine epithelium, ep. 

Fig. 18. Nucleus of a monster cell from the ob-placenta of a rabbit at fifteen 
days ( X 445 diams.). 
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EXPLANATION OF PLATE XXIX. 

Diagram to show the relations of the embryo and uterus in the rabbit from the 
eleventh to the thirteenth day of gestation. 



Digitized by 



Google 



Joiinutl of Morpholo(fi/. Vol. II 



PL XXIX 



mod. 



ob -pli 




/. 



mstij 



tl 


ectoderm . lost part 


niasc. 


mnscnlans 


all 


allantois 


nisth. 


mesothelinm 


b 


(clodenn at sulr of/ilaeenf(( 


mstij 


niesenfen/ 


ccto 


eetoilerm oftjolk saek 


ob.jd 


ob placenta 


en 


entoderm o/'i/olk ,*>i/rk 


z 


ante/' zone of placenta 


r 


fissure hetwrrn lobes 


P 


periplaccida 


<f- 


(jlands 


sbpl 


sub plaienta 


nics 


mesoderm 


^(jl.Z 


sub (fliindular zone 


niocl 


monster cells 


rt 


vena tennuudis. 

Digitized by VjO 




- - - - — 


- 





Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



/ 



7 



Die 



Placenta des Kanmchens. 



Von 



Charles-8. Minot 



Sonderabdrack ans dem „BioIogischeii Centralblatt". 
Band X. Nr. 4, ausgegeben am 1. April 1890. 



Erlangen. 

Verlag von Eduard Besold. 



Digitized by 



Google 



Digitized by 



Google 



Die Placenta des Kaninchens. 
Von Gh&rles-S. Minot. 
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Masius Jean, De la gen^se du placenta chez le lapin. Arch, de Biol. 

IX. 83-118. PL V—Vm. 1889. 
MasquelinH. etSwaenA., Premieres phases du d^veloppement da 

placenta maternel chez le lapin. Arch. biol. I. 25—44. 1880. 
Minot Charles- S.y Uterus and £mbryo. I. Rabbit: II. Man. Joum. 
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Strahl H.y Die Anlagerung des £ies an die Uteruswand. Archiv Anat. 

Physiol.; Anat. Abt., 1889, 213—230, Taf. XIV, und 1889 Suppl. 197 

bis 212, Taf. VU. 

In diesem Aufsatz ist der Versuch gemacht, eine ttbersichtliche 
Daretellung von der Entwicklung und dem Ban der Placenta vom 
Eaninchen zu geben. Die Ergebnisse neuerer Unterfiuchungen ge- 
statten ein ziemlich vollst£lndiges Bild zn entwerfen. Im nachfolgenden 
wird mit einigen Ausnahmen nur auf die haupts&chlicheren Verh&lt- 
nisse ROoksicht genommen. Zugleich werde ich die Gelegenbeit benlitzen^ 
einige Angaben meiner Arbeit „Uterus und Embryo" zu berichtigen. 
Eb blieben mir zur Zeit der Abfassung jener Abhandlung die Ent- 
wicklungSYorgange vom zebnten bis zw5lften Tage nnbekannt; ich 
hatte ferner zu meinem jetzigen groBen Bedauern die wertvoUen An- 
gaben DuvaTs Uberseben. Seit der Verdffentlichung meiner Abhand- 
lung babe ich die LUcke in meinen Beobachtungen ausgefttllt und 
bin dadurch in den Stand gesetzt die DuvaTsche Schilderung zu be- 
st&tigen und einen wichtigen eignen Fehler zu beseitigen. Scbon in 
der erwiihnten Arbeit bob icb S. 359; 376 ausdrtteklicb hervor, dass 
meine Beobachtungen nicht ausreicbend wfiren. Hierdnrch erklfirt es 
sich, dass ich damals das gILnzliche Verschwinden slimtlicher Uterin- 
drttsen des PlacentargebieteS; sowie das Hineinwachsen der f^talen 
Zotten mit samt dem fttalen verdickten die Zotten ttberziehenden 
Epithel nicht erkannte. Seitdem babe icb festgestellt; dass die auf 
Schnitten vom obem Teile der Placenten zu sehenden Epithelstr&nge^ 
die man nach dem zwQlften Tage findet^ die dnrchscbuittene ekto- 
dermale Bekleidung der fQtalen Zotten darstellen, und nicht verHnderte 
Uterindrttsen sind; wofllr icb sie frtiber hielt. Genaueres findet man 
unten. 

Die Literatur unseres OegenFitandes ist kurz folgende: man ver- 
gleiche das Verzeicbnis am Anfang dieses Artikels. In der filteren 
Literatur findet man verscbiedentliche Angaben zerstreut, aber erst 
bei Bischoff bat man eine eingebendere Schilderung zu verzeichnen. 
Claude Bernard entdeckte die glykogene Schicht. Ho Hard hat 
die zwei Lappen der Placenta in klarster Weise unterscbieden. Mauthner 
macht einige Angaben von Wert aber hat wenig Einsicht in den Baa 
der Placenta gewonnen. Ercolani hat mehrere Beobachtungen ver- 
OflTentlicbt; die znm Teil sich auch aaf andere Nagetiere beziehen; 
leider hat Ercolani's falsche Hypothese der Bildung der Decidua 
durch^Neo forma zione^ ihn so sehr verftthrt^ dass seine Beschreibung 
oft recht schwer zu verfolgen ist. Godet hat in seiner sehr seltenen 
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Dissertation recbt gates beigebracht, besonders was die glykogenen 
Zellen and die ^Monster cells" betrifft; der in dem Hofmann- 
Schwalbe'schen Jahresberichte gegebene Aaszag ist sehr mangel- 
haft. Die ziemlich sorgf&ltigen Arbeiten von Creighton ttber die 
Placenta vom Meerschweinchen sind aach von Belang. Sehr wichtig 
ist die 8ch5ne Abhandlang von Masqaelin and Swaen, die sich 
speziell mit den histologischenVorgfingenbeschftftigt; ich m^chte die 
Gewissenhaftigkeit und Sorgfalt dieser Untersachnng der Ltltticher 
Anatomen ansdrttcklich heryorheben, weil ich ihrem Hanptschlnsse 
— es babe die Placenta eine hfimatoblastische Fanktion — nicht bei- 
stimmen kann. van Beneden and Jalin haben eine eingehende 
Beschreibang der Befestignngsweise des Eies an der Uteraswand 
geliefert. Dnval in seinen vorl&afigen Mitteilangen beschreibt die 
ftttalen Zotten. Meine Arbeit ist aaf einem gr5fiem Beobachtongs- 
material begrtlndet als die oben erwfihnten and geht dem entsprechend 
mehr ins einzelne; sie schildert aach die Metamorphosen der nicht- 
placentalen Bezirke des Uteras. Karz nach meiner Arbeit erschien 
die von Ma si us; dieselbe ist eine recht tttchtige Untersachnng and hat 
einen streng wissenschaftlichen Gharakter, trotz mehrerer Fehler der 
Interpretation. Die beiden karzen StrahTschen Schriften zeichnen 
sich; wie za erwarten war, durch die Genanigkeit der in ihnen ge- 
machten Angaben aas ; aach ist S t r a h I's Kritik von M a s i a s durchaas 
gerechtfertigt. Endlich ist die vollendete Abhandlang Day aFs za er- 
wfthnen, von welcher aber leider zar Zeit nar der Anfang erschienen ist. 
£r hegt die falsche Ansicht van Beneden 's, wonach der Ektoderm- 
walst (Area placentalis) zweischichtig sei, indem er Ubersehen hat; 
dass die liafiere Schicht zam Uterusepithel gehdrt. Soweit sie ans 
Yorliegt; bringt die Abhandlang Dnval's wenig nenes; doch ist er 
ein aasgezeiehneter Beobacbter and seine Angaben sind h(5chst zn- 
verlftssig; man hat dus Recht sich Uber die nngeheare WeitlSafigkeit 
seiner sonst httbschen Darstellang za beklagen. Die Arbeiten von G a r i e 
and Laalani6 k(5nnen anch erwfihnt werden, obwohl sie mir von 
geringem Wert erscheinen. Aber jetzt zar Sache. 

Anfang des sechsten Tages nach dem Belegen kann man schon 
von aafien die leisen Anschwellangen, wodarch die Lagen der Eier im 
Uteras angedeatet werden, sehen. Qaerschnitte einer Anschwellang 
lehren, dass ihr Ei schon befestigt ist, jedoch sehr locker, and zwar 
darch eine Yerwachsnng seiner Oberflftche mit der Placentarstelle der 
Uteraswand. Diese Yerwachsang geschieht; wie van Beneden and 
Jnlin znerst zeigten, innerhalb eines hnfeisenfdrmigen Gebiets der Area 
germinativa, das dieAreaplacentalis heifien mag. Die Schenkel 
des Hafeisens liegen je zar Seite des Embryos and vereinigen sich 
hinter demselben. Der Uteras hat bekanntlich sechs Lftngsfalten ; die 
zwei dem Mesometriam zanSchst liegenden Falten werden ansschliefi- 
lioh zar Bildang der Placenta verwendet and demgem&fi ist die Ver- 
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wachBong des Eies mit dem Uterus anf die Oberfl&che dieser zwei 
Falten beschrHnkt. Die zwei seitlichen Falten, wie zuerst von Hol- 
la rd erkannt, werden in ein Hingspolster umgeformt^ das icb Peri- 
plaeenta genannt babe. Die zwei dem Mesometrium gegenttberliegenden 
Falten yerschwinden dnrcb die allmllblicb zunehmende Ausdehnang 
des Uterus and machen zugleich eine besondere histologischc Umwand- 
lung dnrcb; den verdttnnten Bezirk derWand nenne icb Obplacenta. 
Icb unterscbeide also in jeder eine Eiblase entbaltenden Anscbwellang 
des trftcbtigen Uterus drei Regionen; 1) Placenta; 2) Periplacenta; 
3) Obplacenta. Jede Region ist yorgebildet in zwei bestimmten 
Falten des nicbt trficbtigen Uterus. Die Area placentalis des Eies 
zeicbnet sicb dadurcb aus^ dass ihr Ektoderm bedeutend verdickt ist; 
diese Verdickung entspricbt dem sogenannten ^Ektodermwulst^ neuer 
Autoren, jedocb nur zum Teil/ da man irrtlimlicher Weise die obere 
epitbeliale Lage des Uterus zum Wulst gerecbnet bat — ein Febler^ 
den StrabI bervorgeboben bat, und den man bei van Beneden, 
Duval; Masins und anderen — man vergleicbe zum Beispiel die 
irrtttmlicben Angaben Rabl's (Tbeorie des Mesoderms. Morpbolog. 
Jabrb.; 1889) — konstant wiederfindet. Die Area placentalis 
zeicbnet sicb femer dadurch aus, dass sie gegen Ende des zebnten 
TageS; wie zuerst von Duval geseben worden ist; Zotten bildet, die 
im Laufe der nftcbstfolgenden Tage scbnell aber allmfihlich in das 
Uteringewebe bineinwacbsen. 

Den siebenten Tag f&ngt scbon die Degeneration der UterindrQsen 
und zugleicb die Umbildung des Bindegewebes der Mucosa an. Die 
Drtisen verschwinden scbliefilicb ganz und gar in der Placenta und 
Periplacenta. Anfang des acbten Tages sind die Yer&nderungen nocb 
mebr ausgeprHgt. Die Obplacenta bat eine sebr dttnne Wand; die 
Mucosa ist mitverdtlnnt ; ibre Drtisen sind der Quere nacb sebr ans- 
gedebnt und von weniger Tiefe. In der Placenta bat dagegen eine 
bedeutende Hypertropbie stattgefunden , die sicb in fihnlicber Weise 
aber geringerem Grade in der Periplacenta ausprftgt. Die Drttsen 
sind erweitert und zeigen in den obern Teilen eine auffallende Ver- 
dickung des EpitbelS; wobei die Zellgrenzen verloren gegangen sind 
und die Zabl der Kerne auffallend zugenommen bat. Wftbrend des 
acbten und neunten Tages nimmt die Verdickung des Epitbels nocb 
ZU; bis die Lumina der Drttsen obliteriert werden; gew^bnlicb siebt 
mau; dass die Mtlndung zuerst gescblossen wird; darauf scbreitet die 
Verwacbsung nacb unten. Die tiefem Teile der Drttsen unterliegen 
vorerst keiner merklicben Ver^nderung; die Grenze zwiscben dem un- 
verftnderten und dem degenerierten Teil der Drttse ist eine scbarfe. 
Ma si US; der seine Beobacbtungen erst mit dem neunten Tage anfing 
und folglicb die Anfiinge der Entwicklung nicbt kanntC; meint; dass 
der tiefere nocb mit deutlicbem Epitbel ausgekleidete Teil der Druse 
die ganze Drttse darstellt; und dass die obern degenerierten Teile die 



Digitized by 



Google 



Minot, Die Placeuta des KaninchenB. 118 

Bekleidnog von Zotten darBtelleO; die von der H5he der Drtlsenmtlii- 
dangen emporgewachsen seien. Diese Anschauung beruht auf Un- 
kenntnis der wirklichen Entwicklung. Die Bindegewebsschicht ist 
vergrOBert darch: 1) Proliferation der Zellen; 2) Auseinanderrlieken 
der Zellcn; 3) Erweiterong der Kapillaren, die so groB werden, dass 
sie bUofig als Arterien und Yenen gedeutet worden siod; sie haben 
aber nnr die einfache epitheliale Wand. Die Zellen sind gewOhnliche 
Bindegeweb8zellen, die mit einander durch vielfach verzweigte Aus- 
l&nfer verbunden sind; sie fangen an, schon sich am die GefSBe 
zn samroeln, eine perivaskul^re Sebicht bildend; die periyasknlllren 
Zellen vergrOBem sich und werden die ersten einkernigen Decidual- 
zellen; die bekanntlich spfiter eine Membran und einen yakuolen- 
artigen Ban des Protoplasmas als Merkmale erhalten. Wfihrend des 
acbten and neunten Tages macht die perivaskulfire Differenziernng 
stetigen Fortschritt. Die Entstebangsweise der Deeidnalzellen wurde 
zaerst dnrch Masqaelin and Swaen bekannt^ and daher gebtlbrt 
ihnen die Ehre, den endgiltigen Nachweis geliefert za haben, dass die 
Ercolani'sche Theorie falseh ist, wonach die Decidaa dnrch ,,Neo- 
formazione^ entstehen soil. 

Wfthrend des neunten Tages schreiten die begonnenen VerSnde- 
rnngen der Mucosa in alien Teilen weiter. Ma si us betont nachdrtlck- 
lich die unregelmttBige Form der Epitbelkerne zu dieser Zeit, sowie 
die oberflftchliche Lage des Chromatins in denselben Kernen — Strahl 
aber hat Recht, wenn er sagt, dass diese Erscheinungen nicht kon- 
Btant seien und gar nicht die groBe Bedeutung haben die ihnen 
Yon Ma sins zugemessen wird. 

Den zehnten Tag werden die Differenzierungen der Placenta, 
Periplacenta und Obplacenta sehr auffallend und unter einander ver- 
schieden. Da die Placenta aus zwei Falten entsteht, so besteht sie 
aus zwei Lappen, die durch die ganze weitere Entwicklung sich er- 
halten, wenn auch bin und wieder zum Teil durch sekundftre Furchen 
maskiert. Duval, der die Beziehung der Lappen zu den Falten ttber- 
sehen hat, hat meinem Dafttrhalten nach Unrecht, dass er behauptet, 
es k(5nne die interlobftre Furche beliebig verlaufen. Es ist die Ea- 
nincbenplacenta eigentlich nicht diskoidal sondern bilobisch. Die 
Drtlsen der Placenta haben ibre verlXngerte Form beibehalten; die 
blinden Enden sind wenig verHndert; das Bindegewebe zeigt eine 
Zunahme der perivaskulliren Zellen an Zahl und GrQBe ; sie gewinnen 
an Zahl durch Umwandlung der naheliegenden Bindegewebszellen 
und durch eigne Teilung, wie uns die in ihnen aufzufindenden karyo- 
kinetischen Figuren beweisen; die mtttterlichen Kapillaren sind sehr 
weit geworden, besonders gegen die Muscularis zu, so dass man sclion 
die innere subglandul^re Schicht mit kleineren GefUBen von der 
ftnBem Schicht mit grQBern GefllBen unterscheiden kann. Das Endothel 
der GefUBe zeigt eine unregelm&Bige degenerative Yerdickung. Die 
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Periplacenta verttDdert sich in tthnlicher Weise, ihre Drtlsen aber sind 
qnergedehnt; die DrttBenfondi besitzen noch ein deatliches Zylinder- 
epithel^ dagegen in den obern Teilen f&ngt die Resorption deB Epithels 
schon an; indem Vakaolen in der sich mit Eosin tieffSrbenden Grond- 
snbstanz erscheinen; von jetzt an nehmen die Vakuolen an Zahl und 
Grdfie za, bis das degenerierte Gewebe yollkommen verschwnnden 
ist. Das periplacentale Bindegewebe ist stark hypertrophisch und 
Ifisst den Anfang der Bildang yon perivaskiiULren Zellen erkennen; 
spfiter findet man die perivasknUlren Schichten weiter entwickelt und 
es setzt sich die Umwandlung fort, bis sfimtliche Bindegewebszellen 
der Periplacenta einkemige Decidualzellen geworden sind. Es ist zu be- 
merken; dass in der Periplacenta die epitheliale Degeneration schneller, 
die Bildnng der Decidualzellen dagegen langsamer vor sich geht als 
in der Placenta. In der Obplacenta ist die Degeneration noch schleu- 
niger und beim Bindegewebe kommt es nie zur Bildung von Decidaal- 
zellen; es herrscht also zwischen Obplacenta und Periplacenta der- 
selbe Kontrast, den wir eben zwischen Periplacenta und Placenta ge- 
funden haben. In der Obplacenta sehen wir zo dieser Zeit das 
Epithel der Oberflfiche und der Drtisen schon weit in der Resorption 
vorgeschritten; es bleiben aber in der Obplacenta die epithelialen 
Drtlsenfundi und von ihnen aus geht die Neubildung des Epithels 
vor sich; in splitem Stadien findet man weite wohl ausgebildete 
Drtisen, deren Epithel aus hohen zylindrischen Zellen zusammen- 
gesetzt ist; dieses Epithel ist ein Prodokt der frtlhem Drttsenreste. 
Noch bevor die Neubildung der Drtlsen anf&ngt, scheiden sich einige 
Zellen vom Epithel aus und wandern in das darunter liegende Binde- 
gewebe hinein; in ihrer neuen Lage wachsen diese Zellen bis sie 
enorme Gr^fien erreichen — man findet einige mit Kern vom doppelten 
Durchmesser einer ganzen Decidualzelle ; ich babe diese Zellen ,,ManBter 
cells" genannt; von frttheren Forschern finden sie, so weit mir be- 
kannt, nur bei Godet Erwfthnung. Am vierzehnten Tag sind sie 
zahlreich und haben sich bis zwischen die Muskelfasem vorgedr&ngt; 
je weiter sie vom Epithel entfemt liegen, desto gr^Ber werden sie. 
Am fttnfzehnten Tage finde ich sie auch in der Periplacenta nahe 
deren OberfiUche, die von einem neugebildeten Epithel zu dieser Zeit 
ttberzogen ist. In meiner Abhandlung fioBerte ich mich mit grofier 
Reserve ttber den Ursprung der „Monster cells"; meine neuem Be- 
obachtungen erlauben mir ihre Entstehung aus epithelialer Quelle mit 
viel grQfierer Bestimmtheit auszusprechen. 

Der elfte Tag bringt eine bedeutende Entwicklung der schon 
den Tag vorher hervorsprossenden fbtalen Zotten, und in demselben 
Mafie verschwinden die Drtisen ; ich halte es ftlr wahrscheinlich, dass 
die Zotten zuerst in die von dem resorbierten Epithel freigelassenen 
DrlisenrHnme hineinwachsen; jede Zotte ist tlberzogen von dem ver- 
dickten Epithel der Area placentalis des Embryos, und enthftlt einen 
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gefSfitragenden Fortsatz des Mesoderms des Chorions. Indem die 
Zotten in das mtltterliche Gewebe hineinwachsen, noch ehe das Uterin- 
epithel resorbiert ist, erscheinen sie eine Zeit lang auch vom er- 
wShnten Epithel bekleidet. Zwischen den Zotten findet man hHufig 
mUtterliche Eapillaren^ die durch die eigne starke Erweiterung das 
Bindegewebe der Mucosa gfinzlieh verdrHngt haben und selber den 
gesamten Raum zwischen benachbarten Zotten resp. deren doppelten 
epithelialen Ueberzttgen ausflillen. Daval hat meiner Ansicht nach 
diese VerhSltnisse richtig erkannt mit der Aasnahme, dass er^ wie 
oben erwiihnt, das Uterinepithel zum fotalen Ektoderm rechnet. 
Zwischen die Lappen der Placenta wfichst das Chorion auch hinein 
nnd bildet am Grande des interlobliren Spaltes kleine Zotten; diese 
Zotten stellen die Snbplacenta dar, die zuerst^ soweit ich weifi; von 
Ercolani^ spSter auch von Creighton beim Meerschweinchen ge- 
sehen, von mir beim ^Kaniuchen gefunden wurde ; ihre Entstehang ist 
mir erst durch Beobachtungen bekannt geworden^ die ich seit dem 
Erscheinen meiner Abhandlung gemacht habe. Ferner sieht man 
diesen Tag die Degeneration auch auf die tiefsten Drttsenteile ttber- 
greifen. 

Den zwdlften Tag kommt das diflferenzierte glykogene Gewebe 
zum ersten Male zum Vorschein. Dieses wichtige Gewebe ward von 
Claude Bernard entdeckt; weitere Angaben dartiber findet man 
bei Godet und in meinem „Uterus and Embryo". Das glykogene 
Gewebe entsteht im oberen Teile der Bindegewebsschicht der Mucosa 
nnmittelbar unter den Drttsen. Hierdurch wird die Submucosa resp. 
das Bindegewebe in zwei Schichten gesondert : 1) die obere glykogene 
Schicht mit kleineren Gef&Ben; 2) die untere deciduale Schicht mit 
dicht gedrangten einkernigen Zellen und gr5fieren GefUfien. Das 
glykogene Gewebe besteht aus groBen rundlichen oder ovalen Zellen, 
die je einen zentralen vielkernigen Protoplasmahof aufweisen; von 
diesem Hof strahlt das Protoplasma in dOnnen Ztlgen nach der Peri- 
pherie aus; zwischen den Strahlen liegen die matt-gltozenden Glyko- 
genmassen. Die betreffenden Zellen bezeichnete ich in meiner Arbeit 
einfach als ^multinucleate cells", da ich die Bernard'sche Mit- 
teilung noch nicht kanute. Die glykogenen Zellen entwickeln sich 
aus kleinen Gruppen der Bindegewebszellen ; es scheint mir, dass 
etwa 3—6 Zellen zusammenkommen und sich mit einer besondern 
Membran umgeben; es wttrde gewiss lobnend sein die Entwicklung 
dieser Gebilde genau zu erforschen. Man findet also jetzt in der 
Placenta folgende drei Schichten: — 1) die Zottenschicht, in deren 
unterstem Teile man noch einige Ueberbleibsel des noch nicht voU- 
kommen resorbierten Drtisenepithels erkennen kann; 2) darunter die 
mittlere glykogene Schicht mit erweiterten Kapillaren, mehr oder weniger 
der perivaskulllren Zellen und mit den vielkernigen glykogenen Zellen, 
die letzten sind als Hauptbestandteil der Schicht zu betrachten ; 3) die 
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SaBerste Scfaicht; in der der gauze Rarnn zwischen den sehr stark 
erweiterten Eapillaren von den eigentlichen perivaskulSlren oder de- 
cidualen Zellen eingenommen wird. Die Placenta als Ganzes fSngt 
an ifare definitive Form anznnehmen; von oben gesehen ist sie rnnd- 
lich; in vertikalem Durchschnitte tritt die Verengnng der nntem 
Hfilfte dentlich hervor, wodnrcli die Bildung des Stieles anf&ngt. 

Den yierzehnten Tag hat die Placenta schon beinahe ihre definitive 
Ausbildung erreicht Die obere Flftcbe ist vom Epithel des Chorions 
begrenzt; darunter befindet sich das vaskalierte Bindegewebe des 
Chorions; das seine GefUfie vom Embryo von der Allantois her empf&ngt; 
von dieser Grnndlage entspringen die f^talen Zotten, deren Anordnung 
noch nicht vollkommen entratselt ist. Anf Schnitten sieht man im 
Bereich der Zotten, resp. in der innersten der drei Placentarschichten, 
von jetzt an eigentttmliche Strange ; die ich in meiner Abhandlnng 
f&Ischlich als DrOsen gedeatet habe. Diese Strfinge nehmen Farb- 
stofi'e gem an; sie sind von auffallend konstantem Durchmesser, 
haben einen sehr unregelmiLfiigen Verlanf^ sind hfinfig nntereinander 
verbunden, besitzen zerstrente Kerne nnd zahlreiche offene Rfiame; 
die mtltterliehen Blutbahnen entsprechen^ wie Manthner nachgewiesen 
hat. Die Untersnchung lehrt nns ferner; dass die StrHnge tlberall 
das Bindegewebe der Chorionzotten begrenzen, also Querschnitte von 
Scheidew^nden sind. Duval bezeichnet die StrHnge als Zylinder^ 
was gar nicht zu rechtfertigen ist. Das mesodermale Zottengewebe 
findet man auf beiden Seiten jedes Dissepiments. Diese Beobachtnng 
zwingt uns zur AnnahmC; dass jede Scheidewand die Epithelschichten 
zweier benaohbarter Zotten in sich enth&lt, und dass es wahrschein- 
lich ist, dass zwischen den Epithelschichten eine mittlere Schicbt vom 
mlitterlichen geffifitragenden Gewebe eingeschlossen ist; wir mtlssen 
ferner annehmen, dass die drei Schichten mitsamt den endothelialen 
Geffifiwanduugen einer gemeinsamen Degeneration unterliegen. Dass 
der vermutete Ban der wirkliche sei, steht noch nicht durch genaue 
Eenntnis der Entwicklnng fest. Unsre Yermutung gewiunt aber an 
Wahrscheinlichkeit dadorch, dass bei der Katze, wie ich an sch^nen 
Pr^paraten von Dr. A. B. Mc Callum sehe, Shnliche Scheidewllnde 
vorkommen; und es ist leicbt zu sehen, dass sie hier dreischichtig 
sind; indem mtttterliches UteriDgewebe in der unzweideutigsten Weise 
zwischen den zwei begrenzenden deutlich epithelialen Schichten sich 
erkennen lasst. Bei beiden Tieren mtissen die Zotten einander sehr 
genan angepasst sein, da der intervill^seRaum; resp. die mittlere Schicht 
der Dissepimente tlberall annShernd den gleichen Durchmesser hat. An 
diesem Tage f&ngt der Spalt zwischen den Lappen der Placenta sich 
zu Offnen an; der Vorgang setzt sich in den nfichsten Tagen fort, 
bis durch Auseinanderweichen der Lappen kein eigentlicher Spalt 
mehr besteht. Die Periplacenta hat durch Erweiterung ihrer Ka- 
pillaren und Ausbildung ihrer decidualen Zellen fast denselben Baa 
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wie die finfierste Schicht der eigentlichen Placenta, nud kQnnte daher 
leicht als FortsetznDg der letzteren gelteii; wenn man nnr dieses 
Stadinm kennte. Das von mir gegebene Schema (Uterus and Em- 
bryo; PI. XXIX) bleibt noch zn Recht bestehen mit der wesentlichen 
Ansnahme, dass die dort als Drtisen bezeichneten Gebilde, gl, nicht 
Drttsen^ sondem intervillGse Scbeidew^nde sind. 

Die Verhiiltnisse am sechzehnten Tage sind durch das Vorher- 
gesagte schon angedeutet. Ich m(5chte nnr noch hinznfQgen, dass 
das Endothel der placentalen nnd periplacentalen Gef&Iie in sehr auf- 
fallendem Grade hypertrophiert ist; man siefat anch, dass von den 
inneren Enden der Endotbelzellen kleine helle Massen sich abl^sen 
nnd im Lumen der Gef&Ce als eigenartige Spherulae sofort ins Ange 
springen. Ma sins beschreibt auch die Histolyse der Endotbelkeme; 
infolge deren Chromatinhaufen nnd K(5rnchen in die BlutrSlume hinein- 
fallen, — eine Erscheinung, dieer schon vom dreizehntenTage beschreibt. 

Die weitere Entwicklung sowie die Regeneration des Uterus nach 
der Geburt harrt noch der genauen Untersnchung. 

Es ertlbrigt noch der merkwttrdigen Ansammlung von Leukocyten 
in den mlitterlichen GefUfien der Placenta und Periplacenta ErwUhnnng 
zu thun. Diese Erscheinung prfigt sich erst am elften Tage aus; 
vom zw5lften Tage an sind sie in nngehenerer Zahl vorhanden. 
Masius schildert diese Leukocyten als eine besondere fUr die Pla- 
centa charakteristische Art von Zellen, doch finde ich keinen Grund 
ihm darin beizustimmen. 

Es ist wahrscheinlich, dass die tiefere Einsicht in den Ban der 
Eaninchenplacenta, die wir gewonnen habeU; die Yerhftltnisse bei 
Tielen andern Sllngetieren aufklfiren wird; und zwar besonders was 
die Ungnicnlata im weitesten Sinne betrifft. Es liegen jetzt schon 
Beobachtungen zur Hand, die nns gestatten, fUr diese grofie Gruppe 
folgende Theorie der Placenta aufzustellen. Das Ei befestigt sich 
durch das verdickte Ektoderm der Area placentaliS; indem das Ekto- 
derm mit dem Uterusepithel verwfichst; das mtttterliche Epithel ein- 
schlieClich der Drtisen verschwindet durch Degeneration und Re- 
sorption ^ — es k5nnen aber tiefliegende Drtlsenreste erhalten bleiben; 
die mlitterlichen Kapillaren der Submucosa werden stark erweitert 
und ihr Epithel degeneriert; die Bindegewebszellen der Submucosa 
verwandeln sich in Decidualzellen (beim Eaninchen auch zum Teil in 
glykogene Zellen); fOtale Zotten wachsen an der Stelle der ver- 
schwnndenen Drlisen hinein^ und indem sie sich verzweigen und ver- 
grOCern, verdrHngen sie das mtttterliche Gewebe, bis kaum mehr als 
Platz fttr die ^ntttterlichen Blutbahnen in den intervillosen Rfiumen 
ttbrig bleibt. Dieses Schema lUsst sich, soweit ich sehen kann, nicht 
auf die Ungulata anwenden, dagegen ist es mdglich, dass es den 
menschlichen Verhfiltnissen entspricht. 

Harvard Medical School ^ Boston. 8. L 1890. 
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Naebdniak faribotan. 
A theory of the stnietare of the plaeenta. 

By Ghablb8-8bi>owick Mihot. 

In a review of recent inyestigations npon the atmctare and de- 
Telopment of the rabbit's placenta, which was published in the Bio- 
logisches Centralblatt, Vol. X, p. 114, I briefly indicated the theory 
of placenta, which I had formed. Since the appearance of my article 
Duval's memoir on the rabbit's placenta (Joarnal de T Anat norm, et 
path., 1889, 1890) has been completed. Duval instead of bringing 
what I can admit as a correct history of the foetal villi, has fallen 
into serioos errors, of which two are especially important. These two 
are: V interpreting the hypertrophied endothelium of the maternal 
vessels as foetal ectoderm; 2° regarding the sections of the tissue 
separating the mesoderms of adjacent villi, as tubes, instead of as 
sections of partitions. The first error has lead Duval to a false con- 
ception of the outgrowths of the foetal ectoderm, the second error has 
prevented his recognizing the true villi, for he interprets the sections 
of the fused ectodermal surfaces of adjacent villi as tubular outgrowths 
of the ectoderm. In speaking thus positively, I ought perhaps to say 
dogmatically, in regard to Duval's errors, I do not wish to neglect 
the recognition due to him, but only to state my own position clearly 
and briefly. I feel sure that my criticisms are justified by the facts, 
or I should not make them, but others, who share my own high re- 
spect for Duval's work will naturally wait, before acceding to my 
views, until they have more than my bare affirmations to judge by. 
I have stated my position towards Duval, because acceptance of his 
results is incompatible with the theory here advanced. 

For the purposes of this article I have considered the placental 
mammals as divided into two main groups, the clawed forms, Unguicu- 
lata, and the hoofed forms, Ungulata. The unguiculata have the 
true chorionic placenta, to which reference is principally made in the 
following paragraphs. The ungulate or allantoic placenta has not only 
a distinct type of organization but also probably a distinct evolutionary 
history from the chorionic placenta. 
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Attachment of the embryo. That the rabbit embryo is 
attached to the surface of the uterus by a thickened region (area pla* 
centalis) of the ectoderm of the germinative area was first shown by 
yakBeneden and Julik (1); this discovery has since been confirmed 
by MiNOT (7), Masius (6), Duval (3), and others. That a similar 
method of attachment exists in other mammals has been shown by 
Strahl (10, 11); in the dog it has been recorded by G. Heinrigius (4). 
In all these cases the thickened ectoderm is found to be closely ad- 
herent to the uterine surface upon which it is apt to remain when the 
OYum is forcibly removed ; it fits exactly to the surface of the maternal 
epithelium. There is no visible layer of cement, and we do not know 
how the adherence is made so close. 

It is probable that we have here the primitive form of attachment^ 
and that therefore the evolution of placenta began with the differentiatioi^ 
of the ectoderm of the area placen talis. 

There is another type of attachment found in the hedgehog and 
in the rodent ova with inversion of the germ-layers, characterized by 
the ovum being so closely invested by the uterine mucosa that the 
whole surface of the ovum comes in contact with the maternal tissues^ 
see E. Selekka (9) and Hubrecht's superb monograph on the pla- 
centa of the hedgehog (5). 

Degeneration of uterine tissues. Over the region of the 
placental attachment, which varies in different animals as to position, 
there occurs an extensive degeneration of the tissues of the uterine 
mucosa, affecting both the covering epithelium, the glands and the 
connective tissue. The degeneration takes place most rapidly in the 
epithelium and glands, while the connective tissue undergoes an exten- 
sive hypertrophic metamorphosis usually in the form of the develop- 
ment of decidual cells, before the degenerative change acquires the 
upper hand. The nature and extent of the degenerative changes have 
become known for various types by investigations published since 1888, 
several of which appeared during 1889 (Minot (7), Masius (6), Hein- 
rigius (4), Duval (3), Hubreght (6), Strahl (10) etc.), and which 
represent simultaneous and independent researches. In view of what 
we now know it must be considered probable that in all placental 
mammals, or at least in the orders of the unguiculate series, the 
uterine degeneration is an invariable factor in the development of the 
placenta. 

The form of degeneration is not fixed, but varies greatly. This 
is illustrated by the histories of the decidua in man and in the rabbit 
Other modifications occur in the dog, the hedgehog, the mole, and 
doubtless in other animals. 
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The result of the degeneration is first to bring the chorionic ecto- 
derm of the embryo into direct contact with the connective tissue of 
the mucosa uteri in consequence of the degeneration and resorption 
of the epithelium including the glands; second to allow the maternal 
vessels by simple expansion to come into contact with the foetal chorion. 
In the rodents the degeneration goes so far in the neighborhood of 
the chorion that all (or nearly all) the maternal tissue disappears, 
leaving the maternal blood to bathe the surface of the chorion or, to 
speak more exactly, of the chorionic villi. It is probable that similar 
changes take place in man, but in the earliest stages yet studied, 
they appear to have been already completed, so that in the region 
of the villi the maternal tissues have completely disappeared. Heinbi- 
CIU8 maintains that in the dog part of the glandular epithelium re- 
mains. 

Outgrowth of chorionic villi. The villi are restricted at 
first to the small placental area, but as that area may itself grow and 
take up more and more of the chorion, we get various modifications 
of the villous area. The more primitive types preserve the discoidal 
plan, illustrated by the rabbit ; in other cases the placental or villous 
area expands until it forms a belt or zone around the ovum (carni- 
vora); but the development in the dog shows that the discoidal form 
is the earlier and changes into the zonary ; in man the placental area 
spreads over the whole chorion. 

The villi appear to arise as outgrowths of the ectoderm only; 
after the outgrowths have attained a certain size the mesoderm of 
the chorion grows into them. The villi grow into the maternal tissues 
and acquire great length and numerous branches by which their form 
becomes extremely complicated. Their form is highly characteristic of 
the various orders: it is known exactly only in man, but is certainly 
very different in various animals. 

The villi occupy only a part of the mucosa, there being always 
a considerable layer of decidual membrane left between the ends of 
the villi and the muscularis. 

The villi as here described consist of a cove of mesoderm covered 
by foetal ectoderm, and are essentially different from the ectodermal 
outgrowths assumed by Duval ^) to exist in the rabbit. 

Union of the allantois with the chorion. We know two 
principal modifications of the union of the allantois with the chorion: 
l"" The allantois joins the chorion early, and serves as the stalk con- 

1) Erroneously as I believe. 
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necting the embryo with chorioD ; in this type the allantois briogs the 
blood vessels to the chorion, and the vessels then ramify over the 
chorion itself, which has therefore its own circulation though dependent 
upon the allantois; this modification is characteristic of the unguiculate 
series of mammals. 2^ The allantois grows out into a large vesicle, 
which has for some time no connection with the chorion but maintains 
a well developed circulation of its own; its expansion brings it ulti- 
mately into contact with the chorion and its outer or mesodermic 
layer grows together with the inner or mesodermic layer of the chorion 
(Bonnet [2]), which thus becomes indirectly vascularized; this modi- 
fication is characteristic of the ungulate series of mammals. How far 
other modification distinct from these may exist we cannot say at 
present. 

We have then two types: P the chorion has its own vessels (un- 
guiculates); 2^ the chorion acquires vessels by growing together with 
the vascular walls of the allantoic vesicle (ungulates). 

In both cases the chorion is the part of the foetus and the only 
part in direct contact with the uterine wall, and therefore in both 
cases it is the essential part of the foetal placenta. In unguiculates 
the chorion after it receives its blood vessels has its own blood supply 
and circulation, and therefore suffices to develope the placenta. In 
ungulates the circulation is entirely allantoic, and the walls of the 
allantois are essential to maintain the foetal circulation of the pla- 
centa; the chorion therefore does not suffice to develope the foetal 
placenta. While therefore we recognize that the chorion is always 
the means of union between the mother and the offspring we may 
conveniently distinguish the unguiculate type as having a true chori- 
onic placenta and the ungulate type as having an allantoic 
placenta. 

Evolution of the Placenta. As regards the evolution of 
the placenta, our conceptions are still very obscure. The opinion was 
long, and perhaps still is, generally prevalent that the placenta is 
primarily an organ of the allantois. This notion was one of those 
theories, which sometimes become current, without ever having been 
supported by adequate proof, and are repeated until tradition has 
rendered them venerable, and age gives them a dignity, which their 
worth does not entitle them to. The principal support of this theory 
was derived from the fact that the allantois is connected with the 
placental circulation. Balfour in 1881 (Works I, 743) sought to 
modify this view by attributing importance to the relations of the 
yolk sack, which he believed to be the means of maintaining the cir- 
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eolation. Id his Comparative Embryology II, 249, Balfoub reprints 
most of the article cited. Minot (7), 433, laid stress upon the rdle 
of the chorion and upon the fact that the placenta is necessarily 
always a product of the chorion, and further upon the fact that the 
allantois in man is permanently and in the rabbit primarily merely 
a stalk of connection between the embryo and the chorion. 

The results of recent inyestigations strengthen greatly my view. 
It is by the chorion that the ovum is attached, except in certain 
cases, where the development has obviously been modified secon- 
darily. It is from the chorion that the foetal villi grow out On 
the other hand it is evident that the yolk sack is primitively a pro- 
duct of the splanchnopleure and distinct from the somatopleuric chorion; 
the failure of the mesoderm and coelom to spread completely over 
the yolk (entoderm of the blastodermic vesicle) in certain mammals 
does not alter the fundamental relations. It is true that in certain 
marsupials the chorion is very imperfectly separated from the yolk 
sack, but it does not appear that this represents an ancestral stage 
of the mammalia; on the contrary it is probably a purely marsupial 
modification. I am therefore unable to recognize any reason for con- 
necting the evolution of the placenta with the yolk sack or vitelline 
circulation. The rdle of the allantois is secondary; it serves as a 
medium of blood supply, either, as we have seen, as a carrier of vas- 
cular trunks to supply the circulation of the chorion (unguiculates) 
or bringing its own circulation into play by growing together with 
a non-vascular chorion. 

The question remains whether the unguiculate or the unguhite 
type of placenta is to be regarded as the more primitive? At first 
thought the resemblance of the foetal envelopes of ungulates to those 
of sauropsida lead us to conclude that the allantoic placenta must be 
the more primitive; the resemblance, referred to consists in the early 
complete separation of the chorion (serosa) from the other parts and 
in the development of the allantois as a large free vesicle. But the 
ungulates are highly modified mammals not related closely to the 
lower placentalia, while the unguiculates do merge into a generalized 
mammalian type. When we consider further that the lower ungui- 
culates show the typical chorionic placenta in its full perfection, the 
conclusion is unavoidable that this is the nearer type to the ancestral. 
In fact the placenta appears, in animals with the chorionic type of 
the organ, before the allantois becomes free, and the great size of 
the allantoic vessels is connected primitively not with the allantois, 
but with the already important chorionic circulation; the placenta is 
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here interpolated iii the outogeuy before the specializatiou of the 
allantois, which functions as the vascular pathway between the chorion 
and embryo, both primitiyely and permanently. The enlargement of 
the allantois in ungulate mammals is a supervening change, effected 
perhaps by an atavistic recurrence to reptilian ontogeny. 

Rtder (8) has advanced the theory that the zonary placenta is 
older than the discoidal, but Minot (7), 434, has shown that this 
view is untenable. 

The degeneration changes in the uterus occur so far at present 
known only in connection with the chorionic placenta; in the ungulates 
the uterine mucosa is modified in structure in connection with the 
development of the placenta, but the modifications are not known to 
be degenerative; hence in the allantoic placenta the maternal blood 
flows in maternal blood vessels and it is always separated by maternal 
connection tissue and epithelium from the chorion. 

Theory of the placenta. According to the views explained 
in the proceeding pages, I hold the placenta to be an organ of the 
chorion; that primitively the chorion had its own circulation, and 
formed the discoidal placenta by developing villi which grew down 
into the degenerating uterine mucosa; by the degeneration of the 
maternal tissues the maternal blood is brought closer to the villi, and 
the degeneration may go so far that all the tissue of the uterus 
between the villi disappears; a layer of the mucosa is preserved be- 
tween the ends of the villi and the mnscularis uteri to form the so 
called decidua; the placenta receives its foetal blood by the means 
of large vessels running in the mesoderm of the allantois. From this 
discoidal chorionic placenta the zonary placenta of camivora, the 
diffuse placenta of the lower primates, and the metadiscoidal placenta 
of man have been evolved. 

A second type of placenta, perhaps evolved from the first is found 
in ungulates, and is characterized by a vascular allantoic vesicle uniting 
with a now vascular chorion to form the foetal placenta, and by the 
absence of degeneration in the maternal tissue. This type is the 
allantoic placenta, which offers many interesting modifications. 
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Naehdroek yerbotan. 
On the Fftte of the Human Deeidaa reflexa* 

By CHABLsa Sedgwick Mihot. 

With 1 Figure. 

(Abstract.) 

The deddua is a distinct membrane up to the end it is said of 
the fifth month of gestation, and after that period it can no longer 
be foand.jO£xadiy at what time it disappears is not established 
by obserySRon though the fact of the disappearance has long been 
known. Nor have we had hitherto any definite knowledge as to how 
it disappears, although its gradual attenuation and increasing trans- 
parency during the first four or five months have been familiar to us 
since tiie publication of Coste's magnificent atlas. The view most ge- 
nerally accepted has been that it fused with the decidua vera and 
that accordingly the hiyer of decidua nearest the chorion during the 
latter half of pregnancy represents the decidua refleza. 

I have had opportunity to study four well preserved normal preg- 
nant uteri of two, three, five to six, and seven months gestation re- 
spectively. These show that at two months the decidua reflexa is 
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undergoing hyaline degeneration, that at three months the degenera- 
tion is considerably more advanced and that by the sixth and seventh 
month the reflexa can no longer be found. These observations justify 
the theory that the reflexa degenerates and is completely resorbed. 

I will review briefly the actual observations. 

First the reflexa at two months. — It starts from the edge of 
the placental area with considerable thickness, which is rapidly lost*' 
most of the reflexa being a thin membrane, and the thinnest point 
being opposite the placenta. The examination of sections shows that 
the entire reflexa is undergoing degeneration, which is found to be 
the more advanced the more remote the part examined is from the 
placenta. The chorion laeve lies very near the reflexa, being separated 
only by chorionic villi, which are very much altered by degeneration^ 
their ectoderm having become a hyaline tissue, which stains darkly 
and their mesoderm showing clearly the partial loss of its cellular 
organization. In the region half way between the base and the apex 
of the reflexa dome the tissue of the decidual membrane shows only^ 
vague traces of its original structure; only here and there can a di- 
stinct cell with its nucleus be made out, for most of the cells have 
broken down and fused into irregular masses without recognizable 
organization. Ramifying through the fused detritus there are two 
layem oi so-called ,4brine^' — or in other words of a hyaline sub- 
stance, which like the ..canaliced fibrine" of the chorioo stains very 
deeply with the ordinary histological dyes, — carmine and logwood. 
The fibrine is much more developed upon the outer side of the re- 
flexa. It forms on the inner side a dense network, which on the 
one hand fuses with the degenerated ectoderm of the chorionic villi 
whereever the villi are in contact with the decidua; — and on the 
other hand ramifies more than half way through the decidua, the 
ramifications being easily followed owing to the hyaline character and 
deep staining of the „fibrine^*. Upon the outside the fibrine forms a 
thinner layer and shows its network structure in many sections much 
less clearly. 

All of these points are illustrated in the accompanying figure,, 
the outlines of which were made with the camera lucida, the details 
added free hand. A chorionic villus is seen in cross sections^ 
and is bounded by its own degenerated ectoderm; the inner fibrine 
layer forms a distinct network and extends far into the decidual 
tissue, which is so disorganized that only vague traces of oeOs can 
be distinguished; the middle layer of the decidua contains almost qqi 
fibrine; the outer layer is well marked, compact and narrow. 
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Ib the aterus three months pregnant I find essentially the some 
conditions except that the degeneration is farther advanced since the 
traces of cellular structure in the refiexa are still more yague and 
4iie fibrine is more developed. The membrane is much thinner than 



at two months; the thickness is about two thirds of what it was. In 
the fresh specimen the membrane appeared much more transparent 
than before. In all the parts examined I found leucocytes present 
and in the region of the reflexa near the placenta they are very nu- 
merous and conspicuous; it is natural to conclude that they are con- 
<;erned in the resorption of the degenerated tissue. In a section not 
far from the base of the reflexa the three layers are distinct as at 
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two months there being a thicker inner and a thinner enter fibrine 
layer, while between them is a stratum, in which remains of cells are 
seen; occasionally is an appearance, which suggests a suryiving deci- 
dual cell, and nearer the placenta the phantoms of cells become di- 
stinctly cells and true decidual cells can be made out The inner 
fibrine layer is much denser and its meshes smaller than in the two 
months specimen , the trabeculae of fibrine having become during the 
month elapsed. 

The relations of the amnion and chorion to one another in a 
uterus of seven months I have already described and illustrated in 
detail in my article „nterus and Embryo'^ (Journal of Morpho- 
logy, Vol. II, 422—425, Cuts 33—33). I will recall only that the 
chorion lies directly against thedecidua; between the chorionic meso- 
derm and the decidual tissue extends a layer of epithelioid cells, 
which I interpreted as the modified ectoderm of the chorion, a view 
which I still hold. Of a membrane between the chorion and the de- 
cidua there is no other trace. 

Those who conceive that there is a fusion between the reflexa 
and vera are forced to seek for traces of the former membrane next 
the chorion. They may assume either that the epithelioid layer is 
the remnant of the decidua, which forces them to leave the fate of 
the chorionic epithelium unexplained or that the upper stratum of the 
decidua is the reflexa, which is fused with and acquired the same 
structure as the underlying vera. If my observations on the degene- 
ration of the reflexa are correct and correspond, as there is sufficient 
ground to believe they do, to normal conditions, then both assumptions 
as to the persistance of the reflexa involve the further and very im- 
probable assumption that the degenerated tissue is removed and re- 
placed by fully organized cellular decidual tissue. It is obviously 
more in accordance with our knowledge of degenerative changes to 
assume that the hyaline metamorphosis is necrotic and is succeeded 
by the disintegration and removal of the tissue. This accounts in 
a satisfactory manner for the absence of the decidua reflexa during 
the sixth and seventh month. The relations of the membranes at 
this period have been well described and figured by an admirable 
observer Dr. G. Leopold, whose views and one of whose drawings 
have been incorporated by Prof. 0. Hertwig in his Entwickelungs- 
geschichte (3d Edition, p. 216—217, Fig. 147). Leopold holds that 
the epithelioid layer is the reflexa, but what has just been said suffices 
I think, to show that this view is untenable. 

That the membrana decidua reflexa should degenerate and dis- 
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appear do longer seems strange since recent investigations have shown, 
that in many placental mammals there occurs an extensive pseudo- 
pathological destruction of the mucosa uteri during gestation; these 
changes, which are best known in the rabbit (cf. Minot, Biol. Cen- 
tralbl^ Bd. X, No. 4, S. 114—122) vary considerably in character and 
are exceedingly remarkable both for their extent and for their numerous 
modifications, so that we need feel no surprise at the entire destruction 
of the decidua reflexa in man, nor at form of the destruction being 
unlike the forms here to fore found in other mammals. 

As to the purpose or advantage of the sacrifices of maternal tis- 
sue we are in the dark. The same is true of the causation of the 
degeneration, — although we must regard it as the result of a reflex 
nervous activity. It is becoming more and more evident that the 
nerves have a profound influence upon organization and it is no strai- 
ned hypothesis, which places the structure of the mucosa uteri under 
the immediate control of the nervous system. 
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Znr Entwickelnng der Affen. 

Von Emil Selenka 
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(Vorgelegt von Hm. Schulze.) 



Wahrend eines sechsmonatlichen Aufenthalts auf Java, Borneo iind 
Ceylon habe ich Gelegenheit gefanden, zahlreiche Embryonen ver- 
schiedener Saugethiere zu sammeln und zu beobachten. Mein Haupt- 
augenmerk war auf die Entwiekelung der Affen gerichtet. Obwohl 
meine Untersuchungen fiber diese Gruppe noch nicht abgeschlossen 
sind, so vermag ich doch fiber die Anlage der wiclitigsten Embryonal- 
organe schon jetzt Aufschluss zu geben. 

Wenn ich hier einige Thatsachen herausgreife, so ist meine Ab- 
sicht, einerseits die typische Ubereinstimmung der Entwickelungs- 
vorgange bei alien katarrhinen Geschopfen, nSmlich den Affen der 
alten Welt so gut als den Menschen, darzulegen, anderseits die Ab- 
weichungen gewisser Organanlagan vom typischen Bildungsmodus als 
caenogenetische zu erweisen. — Eine Anzahl neuer Benennungen wird 
besonderer Erlauterung nicht bedfirfen. 

Den Ausgangstypus mfissen wir bei denjenigen Affen suchen, 
deren Keimblase nicht von einer Decidua reflexa umwuchert 
wird. Hier treten zwei scheibenf&rmige Placenten auf, namlich eine 
fiber der Rfickenfl&che des Eilings, und eine zweite an der Ventral- 
seite der Keimblase. 

Aus dieser Grundform sind^ unabh^ngig von einander, zwei neue 
Typen dadurch hervorgegangen, dass die Uterinschleimhaut in Gestalt 
einer Decidua reflexa die Keimblase fruhzeitig umwachst imd ein- 
kapselt: enthalt die Reflexa sowohl Blutgefasse als Uterindrusen , so 
kommt es ebenfalls zur Ausbildung von zwei scheibenfbrmigen Pla- 
centen; fehlen aber Gefasse und Drfisen in der Reflexa, so bleibt die 
zweite Placentaranlage ganz rudimentar und es findet sich nur ein 
einziger Mutterkuchen. 

Eine vierte Art der Placentation vermag ich nur als zufallige 
Hemmungsbildung zu betrachten, und ich will sie femerhin ausser 
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Acht lassen. Ich fiind namlich bei einem fast reifen Fdtus des Java- 
affen (Cercocebus cynomolgus) nur eine Dorsoplacenta entwickelt, wahrend 
alle anderen Individuen dieser Species audi eine Ventroplacenta be- 
sassen. Die mikroekopiflche UntensuchuDg ezgmb jedoch, dass aucb 
eine Ventroplacenta wenigstens der Anlage nach existirte, und zwar in 
Form von degenerirten Chorionzotten; vennuthlich waren diese Zotten 
nicht rechtzeitig mit dem Uterusepithel in Beruhrung gekommen, und 
in Folge davon gelangte eine Ventroplacenta nicht zur Ausbildung. 
Die drei Hauptfonnen der Placentation lassen sich in Kurze 
folgendermaassen klarlegen. 

A. Ausgangsform. Placenta bidiscoidalis typica. — Die frei im 
Uterus liegende Keimblase verklebt mit der dorsalen Innenflache des 
Tragsacks, und zwar an einer, etwa drei Millimeter grossen Stelle, 
welche ich als dorsalen Haft fleck bezeichne. Auf der Berfthrungs- 
flache der Keimblase mit dem Uterusepithel, d. h. auf der dorsalen Area 
placentalis, sprossen nun zahlreiche Chorionzotten hervor, dringen in 
die Uterindriisen ein und bilden die Anlage der Dorsoplacenta (= Pla- 
centa dorsalis). Bald darauf verklebt die inzwischen vergr5sserte Keim- 
blase auch mit der gegeniiberliegenden Innenfl&che die Uteruswand, 
namlich am ventralen Haftfleck derselben, und lasst, ebenfalls 
durch Einwucherung der auf der ventralen Area placentalis sich er^ 
hebenden Chorionzotten in die Uterindrflsen , einen zweiten Mutter- 
kuchen entstehen, die Venti-oplacenta (= Placenta ventralis). Beide 
Placenten sind und bleiben nahezu scheibenfSrmig und werden dauernd 
getrennt durch ein ringfftrmiges zottenfreies Chorion laeve circulare, 
welches schliesslich sich flaeh an die Uteruswand anlegt und locker 
mit ihr verschmilzt. Eine Einkapselung der Keimblase durch um- 
wucherndes Gewebe findet nicht statt. — Hierher geh5ren, so weit 
meine Erfahrungen reichen, sSlmmtliche Katarrhinen der alten Welt, 
mit Ausnahme der Anthropoiden und des Menschen. 

B. Placenta bidiscoidalis circumvallata. — Wahrend sich die 
Placenta dorsalis in gleicher Art anlegt wie beim Ausgangstypus, 
so erhebt sich hier an den Randern des dorsalen Haftflecks die Uterin- 
schleimhaut und umwuchert in der Form eines dicken, Blutgefesse 
und Uterindriisen mitfiihrenden Mantels die Keimblase vollstandig: 
es entsteht eine dickwandige Membrana decidua reflexa, welche 
das Ei von der UterinhShle abschliesst. Die Chorionzotten, welche 
danach auch auf der ventralen Haifte der Keimblase hervorsprossen, 
finden nun Gelegenheit, in den Uterindinisen der Reflexa Wurzel zu 
schlagen und bilden einen zweiten Mutterkuchen , der Ventro- 
placenta Reflexae heissen mag. — Diese Placentation, welche ich 
bisher allein beim Hylobates aufgefunden habe, unterscheidet sich 
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vom Typus A nur dadurch , doss die Yentrale Placenta uterina nioht der 
ventralen, soadem vielmehr der dorsalen Waad des Uterus entstammt. 

C. Placenta monodificoidalia s. discoidalie. — Wie beim Typus B 
wird die K/eimblase vollBtiLndig umwuehert von einer Reflexa, welche 
jedoch sehr dunnwandig ist und weder Gef&sse noch Uterinr 
drflsen enth&lt. Nadidem die Dorsoplacenta in gew5hnUolier Weise 
angelegt worden ist, erlieben sich auch auf der ventralen Seite der 
Keimblase zahlreiche Zotten, welehe aber in der gefassf und drusen- 
freien Reflexa keinen Haftr und NiLhrboden antreffisn und daher bald 
zu Bindegewebssti-angen verkummem oder zu Grunde gehen. — Hierher 
gehSren, soweit man aus den vorliegenden Publicationen schliessen 
kann: Chimpanse, Orang utan, Gorilla und Mensch. Die monodisr 
coidale Placenta dieser 6esch5pfe muse demnach der Dorsoplacenta 
der ftbrigen Affen homolog erachtet werden, w&hrend die Ventror 
placenta nur als rudiment&res Embryonalgebilde in Erscheinung tritt, 
ohne zur Ausbildung zu gelangen. 

So gross dieVerschiedenheit in der Placentation der dreiTypen auch 
sein mag, so geringfiigig erscheinen die Unterschiede in der Entwickelung 
der ubrigen Embryonalh&ute und der Eilinge selbst. Uberall treffe ich 
die gieichen Vorgange, wie durch fojgende Thatsachen angedeutet sei. 

Die Anlage des Mutterkuchens, sowohl des dorsalen wie 
des ventralen, ist immer die gleiche. Nach Verschluss des Amnion- 
nabels (ein Proamnion im Sinne van Beneden's kommt nicht vor) 
wuchert das aus cubischen Zellen bestehende Chorionektoderm in 
Gestalt von hohlen Zotten , deren Weitung immer von lockerem Meso- 
dermgewebe ausgefallt ist, in die Uterindriisen des Haftflecks hinein. 
Chorionektoderm und Driisenepithel legen sich stets uberall fest und 
untrennbar an einander, und weder das eine noch das andere ver- 
sohwindet wSJhrend der Tragzeit. Wohl aber Sndert sich gar bald 
die Form des Driisenepithels mit dem Wachsthum der Uterindnisen; 
indem letztere sich ausweiten und verttsteln, verflacht sich ihr Epithel 
zu einer dunnen Membran, welche bald vom miitterlichen Blute direct 
umspQlt wird. Das Chorionektoderm dagegen behSlt die cubische 
Zellform bei, indem es unter lebhafter Vermehrung seiner Elemente 
den Driis^itaschen folgt. Die mit dem Blute des Mutterthiers an- 
geftllten cavernosen R&ume der Placentae uterinae sind ohne alien 
Zweifel als erweiterte Capillaren, keineswegs als »intraplacentare 
Spaltrftume* aufzufassen. — Schon Turner u. A. haben hervorge- 
hoben, dass die Structur der Affenplacenta eine auffallende Uber- 
einstimmung zeigt mit der Placenta des Menschen. Das ist voU- 
kommen richtig; jedoch irrte Turner, sowie einige andere Forscher, 
darin, dass sie das Chorionektoderm fur das Driisenepithel ansahen. 
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Noch eine ganze Reihe anderer, hSchst sonderbarer Embryonal- 
bildungen sind den katarrhinen Affen und dem Menschen gemeinsam 
und unterscheiden sie von den flbrigen S&ugethieren. Diese Sonder- 
bildnngen fugen sich zwanglos unter bekannte Gestaltungsgesetze, 
indem sie auf Bildungshemmungen, auf Hypertrophieen , auf locale 
Oder heterochronische Verschiebungen zuruckzufiihren sjnd. Einige 
dieser Umformungen treten iibrigens auch innerhalb der Reihe anderer 
SSugethiergruppen vereinzelt auf; die hier noch zu besprechenden caeno- 
genetischen Vorgange sind daher nicht ohne alle Analogie. 

Um das Eigenartige der Embryonalanlagen bei den Katarrhinen 
in's rechte Licht zu setzen, will ich eine jiingere Keimblase des 
Lutung (Semnopithecus maurus) in der Kurze beschreiben. 

Die 472™" grosse Keimblase besitzt nahezu die Gestalt eines 
flachen Kegels, dessen Durchmesser doppelt so gross als seine H6he, 
und dessen Spitze abgerundet ist. Seine schwach convexe Basis er- 
scheint glatt, wahrend die ganze Oberflache des Kegelmantels hun- 
derte von verftstelten Zotten tragt, welche bereits tief in die Uterin- 
driisen eingedrungen sind. Der Kegel birgt eine ger&umige H5hle 
(InteramnionhShle oder Exocoelom), mit gerinnbarer Flussigkeit er- 
fuUt. Die Wandung des Kegels ist .aus zwei untrennbar vereinigten 
Blattern zusammengesetzt: i. dem ausseren einschichtigen Chorion- 
ektoderm und 2. einem inneren mehrschichtigen, der Somatopleura zu- 
geh5rigen, lockeren Gewebe, welches im Bereiche der Kegelbasis 
schmachtig ist, unter dem Kegelmantel aber starker wird und inner- 
halb der Kegelspitze zu einem dicken Polster anschwillt. Auf diesem 
Polster ruht die ganze, 72™" grosse Embryonalanlage nebst Dotter- 
sack, frei in die Binnenh5hle vorragend. Um ihre Gestalt zu be- 
schreiben, will ich zu einem Vergleiche greifen. Man denke sich 
das spitzere Ende eines Vogeleies zipfelig etwas ^ausgezogen, dann 
das Ei selbst der Lange nach halbirt und beide Halften in der 
Langsachse ein wenig ubereinander verschoben. Der vorragende 
stumpfe Eiabschnitt wftre dem Kopfende des zukunftigen Embryo 
gleichzustellen , und diese Eihalfte entsprache dem flachen Fruchthofe 
nebst uberw5lbendem Amnion; die andere Eihalfte stellt den Dotter- 
sack vor. Die Verbindung dieses Gebildes mit der ausseren EihuUe 
oder dem Chorion^ bewerkstelligt das Amnion, dessen aussere 
Lamelle, die Somatopleure, unmittelbar in das erwahnte Mesoderm- 



* Unter dem Namen Chorion verstehe ich die embryonale aussere EihQlle, 
ohne Rucksicht auf ihren histologischen Bau, unter Allan toischorion denjenigen 
Abschnitt des Chorion, mit welchem das Gewebe der Allantois verschmolzen ist, unter 
Dottersackchorion das mit der Dottersackwand verwachsene Chorion. (VergL 
Selenka , Studien zur Entwickelungsgeschichte der Thiere. IV. Heft) 
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polster des Chorion ubergeht; dagegen ragt der von der Splanchno- 
pleura uberzogene Dottersack frei in das Exocoelom hinein. 

Scheint auf diese Weise die ganze Embryonalanlage nur durch 
Vermittelung des Amnion in situ gelialten, so betheiligt sich doch, 
wenn auch nur in geringem Grade, die Splanchnopleure ebenfalls an 
der Verbindung der Frucht mit dem Chorion , indem der AUantois- 
hScker, welcher jetzt noch eine kappenartige Wucherung um das 
zipfelige Ende des Dottersaeks bildet, an dem Mesodermpolster hinab- 
zuwachsen beginnt. — Von Blutbahnen waren nur die Herzanlage 
und einige Gefasse des Dottersaeks nachweisbar. 

Wenn ich die liier mitgetheilten Befunde von der Beschaffenheit 
der HuUen und Anhange des Embiyo's zusammenstelle mit jenen Er- 
gebnissen, welche ich an vielen anderen, jungeren und alteren Keim- 
blasen gewonnen habe, so entroUt sich folgendes Bild der Entwickelimg. 

Nachdem die junge , */j°*" grosse Keimblase locker mit dem Uterus- 
epithel des Haftflacks verklebt ist, nimmt sie schnell an Grosse zu; 
zugleich dehnen sich die Coelomsacke aus, drangen einerseits den 
Dottersack, welcher mit dem beschleunigten Wachsthum nicht gleichen 
Schritt halt, vollstandig vom Chorion ab, und fuhren andererseits die 
Verschmelzung der Amnionfalten herbei Durch diese Processe miisste 
offenbar das ganze Embryonalgebilde vom Chorion ganzlich losgetrennt 
werden , wenn nicht eine dauernde Verbindungsbi*ucke zwischen Fi*ucht 
und Chorion erhalten bliebe im Amnionstiel! Die Ektodermplatte des 
Amnion schnurt sich freilich vollstandig vom Chorionektodenn ab, 
aber die Somatopleure der beiden Amnionfalten (des Kopf- und Rumpf- 
amnion) vermittelt als Nabelstiel dauernd den Zusammenhang mit 
der ausseren Keimhiille. Dies ist das oben beschriebene Mesoderm- 
polster. Der Amnionstiel besitzt schon von Anfang an eine bedeu- 
tende Dicke, welche fast dem Durchmesser des Amnion gleichkommt; 
er liegt nicht genau vertical iiber dem Fruchthofe, sondern lasst die 
ganze Kopfpartie des Amnions frei, umfasst dagegen noch dessen 
zipfeliges Ende, welches auch das Ilinterende des Fruchthofs enthalt. 

Der Amnionstiel wird aber bald noch verstarkt durch den 
Allantoisstiel, dessen Splanchnopleura (Allan toishocker) an dem 
Amnionstiel hinabwuchert und damit zugleich die Gefasskeime in das 
Chorion befbrdert. Eine Hohlung erhalt der Allantoisstiel spater erst 
dadurch, dass ein sehr dunner, kurzer entodennaler Schlauch in den- 
selben hineinwachst. 

Diese vereinigten Stiele des Amnions und der Allan tois k5nnte 
man als Embryonalstiel oder Haftstiel, bezeiclmen. Mit der 
Grossenzunahme des p]rabryo's verlangert und verdickt sich der Haft- 
stiel; er riickt allmahlich an das Hinterende des Kfirpers und schliess- 
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lich sogar auf dessen Bauchseite, um nunmehr jenes Gebilde darzu- 
stellen, welches His bei den menschlichen Embryonen Bauchstiel 
genannt hat. 

Der His'sche » Bauchstiel* ist daher nichts anderes, als der, durch 
den Allantoisstiel verstarkte und vom Riicken auf die Bauchseite ver- 
lagerte Aranionstiel! Der Bauchstiel wird schliesslich zum Nabel- 
strang, indem sich demselben noch der Dottersackstiel anlagert und 
das Amnion die drei Stiele der ganzen LSnge nach Yollst9,ndig umhtillt. 

All diese Bildungen, welche mit den bei menschlichen Fruchten 
beobachteten gut ubereinstimmen, lehren, dass einige Embryonal- 
organe bei AflFe und Mensch theils friihzeiliger, theils spater zur 
Entfaltung kommen, als dies bei anderen Sftugethieren der Fall ist. 
Zu den vorfruhen Bildungen geh5ren i. die zahlreichen Chorion- 
zotten; 2. die Coelomsacke, durch deren Ausbreitung fruhzeitig der 
Dottersack abgehoben und das Amnion geschlossen wird; 3. der 
Allantoisstiel. — Umgekehrt erscheinen als zeitlich zuruckbleibende 
Gebilde i . der Dottersack. Zwar schnurt er sich friih von der Keim- 
blasenwand ab, aber sein Gef&ssnetz entwickelt sich erat split. Da 
er seiner urspriinglichen Function als Athem- und Nahrorgan ganzlich 
enthoben ist, muss er als rudimentares Organ betrachtet werden. 
In das Chorion entsendet er niemals Geftsse, denn alle Blutbahnen 
des Chorions sind ausschliesslicn AUantoisgefasse ; 2. verz5gert ist femer 
das Auftreten einer AllantoishShle, imd 3. die Differenzirung des 
Fruchthofs. — Als eigenartige Sonderbildungen waren zu nennen: 
I. das lockere Gewebe der Somatopleura , welches das Chorion aus- 
tapezirt; 2. der persistirende Amnionstiel; 3. die Ausweitung des 
Amnions und seine Verwachsung mit dem Chorion; 4. die Degradirung 
des Dottersacks zum rudimentaren Organ; 5. die Anlage zweier, ein- 
ander gegenuberliegender Placenten , von denen die eine jedoch rudi- 
mentar bleiben kann; 6. Festlieftung des nichtplacentalen Theils der 
Fruchtkapsel — sei dieselbe Chorion laeve oder Decidua reflexa — an 
die umgebende Uteruswand. 

Eine ausfiihrliche Darlegung der liier skizzirten Ergebnisse und 
Betrachtungen wird im VI. Hefte meiner »Studien zur Entwickelungs- 
geschichte« baldigst verSffentlicht werden. 



Aiisgegeben nin 4. Decembei". 
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Sonderabdnick aus dem ,,Biotogischen Centralblatt^^. 

Bd. X. Nr. 24. 15. Janugr 1891. 



Zur Entstehung der Placenta des Menschen. 
Von Emil Selenka. 

In der folgenden Darstellung glanbe ich den Nachweis za liefern^ 
daas das Ei des Menschen w&hrend der ersten drei bis Tier Woehen 
seiner Entwicklong nicht — wie man bisher allgemein annahm — 
frei und ohne Gewebsverbindaog in der „Fruchtkapsel^ liegt, sondern 
dasB dasselbe schon in der ersten Entwicklnngswocbe eine 
feste and danernde Verbindung mit dem Uteras eingeht, 
indem die Chorionzotten in die Lichtnngen der Uterin- 
drllsen hineinwachsen. 

Diese Behanptung vermag ich zwar nicht dnrch nene Priiparate 
sehr jnnger Eeimblasen za beweisen; trotzdem bin ich der Richtig- 
keit meiner Ansicht voUkommen sicher^ nachdem ich sowohl die Ent- 
wicklang des Affeneies^) nliher kennen gelemt; als aach einige ziem- 
lich jange Eeimblasen des Menschen genaaer stadiert habe. — 

Darch den liebenswtlrdigen Beistand des Harm EoUegen Dr. 
Stamp f in Mttochen erhielt ich zwei jange Eeimblasen des Menschen^ 
von denen die kleinere ganz anverletzt and vortrefflich erhalten ist. 
Dieselbe besitzt ellipsoidische Gestalt ond misst in der L^nge 11, in 
der Qaere 14 Millimeter. Die Eeimblase tr&gt anf ihrer ganzen Ober- 
fl&ehe zahlreiche verftstelte „Zotten^, bis aaf ein (zweifellos in der 
Mitte der Decidaa reflexa gelegenes) zottenarmeS; stellenweise zotten- 



1] Selenka, Zur Entwickehmg der Affen. Sitzungsber. der k. P. Akad. 
der Wissenach. za Berlin. 1890. (XLIII.) Phys.-math. Klasse. S. 1257-1262- 
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freies^ etwa 8 Millimeter grofies, unregelmilBig gestaltetes Feld. Die 
mikroskopische llDtersnchnDg lehrte^ dasB die Wandung des Eies 
BOwie der Zotten, von Innen nach Aofien^ aas folgenden Geweben zn- 
sammengesetzt wird: 

1) Ein lockereS; mehrsehicbtiges Lager von Bindegewebszellen^ 
welches die Somatopleura der KeimblasenwaDd darBtellt. Dies 6e- 
webe setzt sich kontinnierlich in alle Zotten nnd deren VerftstelaDgen 
fort^ ftlllt die Weitnngen derselben vollstSndig aas, and enthftlt ziem- 
lich yiele embryonale BlatgefftBe. 

2) Das einschicbtige ; aas kabischen oder prismatiscben Zellen 
bestebende Gborionektoderm. Die Zellkeme dieser Gewebslage 
sind fast darchweg aaffallend groB and zeigen ellipsoidiscbe Gestalt. 
Das Gborionektoderm reprftsentiert die ftaBere Gewebsschicbt der 
Eeimblasenwand sowie der Eizotten. 

3) Keimblase and Zotten sind von einem gescblossenen Blatt 
abgeplatteter Zellen ttberdeckt, welcbes ohne jeden Zweifel das 
verflachte Uterusepitbel nebst dem Drilsenepitbel dar- 
stellt. Die Zellkeme dieser, mit dem Gborionektoderm fest verl5theten 
Scbiebt sind allermeist klein, linsenfSrmig and stark tingierbar. Hie 
and da sprossen aas dieser Epithellage solide kolbenfOrmige Wache- 
rangen hervor, wie solcbe als vielkernige, mit Vaknolen versehene 
„Epithelsprossen" aas der Placenta des Menscben and einiger Silage- 
tiere bekannt geworden sind. 

4) An dem freien Ende der Ifingeren Zottenanhftnge trifft man 
kleine Hftafcben von regellos geformten Bindegewebszellen. Dies 
sind die abgerissenen Haftstrftnge, welcbe die Uterindrtisen an 
die bindegewebige ^Basalplatte^^ der mtltterlichen Placenta befestigten. 

5) Dem verflachten Uterusepitbel hafteten stellenweise Grnppen 
von Bindegewebszellen, an zwei Orten auch Hfiafcben von znsammen- 
geballten BlatkOrpercheu des Mnttertieres an. 

Um nan darzalegen, dass das nnter 8) erwilhnte fta&ere Zellen- 
lager, welcbes die Eeimblasenwand sowie die Zotten tlberziebt, nicht 
zar Keimblase geb5re, sondern als das von seiner bindegewebigen 
Unterlage abgebobene Uterns- and Drilsenepitbel aufzafassen sei, will 
ich zur Vergleicbang die Placentation der Affen beranzieben. 

Nacbdem das Affen-Ei am dorsalen Haftfleck der Uterosschleim- 
baat festgeklebt ist, senkt sich das aas kabischen Zellen bestebende 
einschicbtige Gborionektoderm in die Mttndangen der Uterindrtisen 
scblauchartig ein; die Licbtang dieser ektodermalen Zottenschlftache 
wird immer von lockerem Zellgewebe der Somatopleara aasgefbUt. 

Aas Schnittserien dnrch Eeimblasen der verschiedensten Ent- 
wicklangsstadien gelang es leicht festzustellen , dass das Gborion- 
ektoderm sich stets fest nnd nntrennbar an das Uternsepithel and 
das Drttsenepitbel anlegt, am daaernd mit ihm verlGthet zn bleiben. 
Weder dnrch Schrumpfang der Gewebe nooh durch Zerrung sind 
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ChorionektoderiD nnd Drttsenepitbel von einander zn trennen; and nor 
darch Mazeration kOnnen Fetzen des letzteren vom Chorion abgeldst 
werden. Bevor die Zotten die blinden Enden der sich erweiternden 
Uterindrllsen erreicht haben^ beginnen auch schon die VerSstelongen 
der DrtlsenschlMucke^ in welche die Chorionzotten stets nachrttcken. 
Hierbei findet Zellenvermehrnng statt, am lebhaftesten im Ghorion- 
ektoderm; denn wllhrend die Elemente des letzteren llberall naheza 
knbisch oder schwach abgeplattet erscheinen, verflacht sich das Drlisen- 
epithel immer mehr zn einem dflnnen Mantel , aus welchem stellen- 
weise die vielkemigen „Epithel8pro88en" hervorwachsen. Die Kerne 
des Choriouektodenns sind durchschnittlich sehr groB, ellipsoidisch; 
schwach tingierbar^ die des abgeflachten Drttsenepithels allermeist 
viel kleiner, linsenfOrmig, intensiv farbbar; allein in den Epithel- 
sprossen erreichen die Kerne oft eine ansehnliche Gr5Be. 

Mit der VergrSUerung und Verftstelung der DrttsenscblHache geht 
eine merkwtirdige histologische Verftnderung des Uterns Hand in 
Hand: im Placentarbezirke schwindet das Bindegewebe zwischen 
den Uterindrilsen fast vollst^ndig; nnd an dessen Stelle tritt eine 
mfichtige BlntlaknnC; welche bei jnngen Affenplacenten etwa das 
dreifache Volumen der Drtlsenschlftnche besitzt. Der Fundus der 
einzelnen Uterindrllsen bleibt stets darch Bindegewebsstrftnge mit der 
„Basalplatte^ in direktem Znsammenhange; zaweilen werden auch 
ISngere DrttsenHste auf diese Weise festgelegt, wUhrend die meisten 
Seitensprossen der Drttsen frei in der Blutlakune flottieren. Trotz 
der immer weiterschreitenden VergrOBerung der Zottenbftumchen 
w&hrend der folgenden Entwicklungsstadien bleibt dieses Verhalten 
bis zur Gebnrt wesentlich das gleiche, und niemals schwindet das 
die embryonalen Zotten umkleidende Drtlsenepithel. Das mlltterliche 
Blut kommt daher auch nie in direkten Kontakt mit dem Chorion- 
ektoderm; sondern muss zuvor durch das verflachte Drtlsenepithel 
diflTundieren; um die Chorionzotten zn erreichen^) 

Die Lockerung und der fast YollstlLndige Schwuud des sub- 
epithelialen Bindegewebes^ sowie die mUchtige Ausdehnung einer^ die 
DrttsenschlSuche umspUlenden Blutlakune hat zur Folge, dass bei 
der geringsten Zerrung die Keimblase mitsamt dem Ueber- 
zuge des Drttsenepithels sich vom ttbrigen Uteringewebe los- 
trennt! Affenkeimblasen von ^2 ^^^ ^ Zentimeter Durchmesser sind 
immer aufs Leichteste und fast ohne Widerstand abzuheben. 

1) Inbezug auf die Beschaffenheit der miltterlichen NILhrfllissigkeit flir die 
Frucht lassen sich bei den SSugetieren zwei verschiedene Typen unterscheiden : 
a) Der NShrstoff wird dem Embryo durch das Sekret der Uterindrttsenzellen 
zugefilhrt als Uterinmilch (Benteltiere , Indeciduata) , oder b) das mfitter- 
liche Blutserum diffandiort als solches in die der Uterinsubstanz feat ein- 
gelagerten Embryonalgewebe, nachdem entweder das Uterus- und Drttsenepithel 
resorbiert worden ist (Nager) oder sich zu einer Membran verflacht hat (Affe 
and Mensch). 
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Solche losgelOste Affenkeiinblagen gleichen nun^ abgesehen von 
der Form der Placenta, voIletilDdig den jtlngeren Eeimblasen 
des MenBcbeU; sobald diese aus der Fruchtkapsel herausgeboben 
sind. Der bistologische Ban der zottigen Anh&nge Beider ghnelt sicb 
bis ins Minnti(5se; denn tlberall findet sicb in den Zotten die zentrale, 
lockere mesodermale FllUmasse mit eingelagerten BlutgefUfien, dartiber 
das grofSzellige Chorionektoderm , nnd als &ufiere Umkleidung das 
flache einschicbtige Zellenlager des Drilsenepithels, letzteres mit lokalen 
soliden Zellwncherungen, den „Epithelzapfen". An den l&ngeren zot- 
tigen Anbftngen sind aueh yielfach die Fetzen der abgerissenen, binde- 
gewebigen Haftstr£lnge der Uterindrttsen nachweisbar, nnd an den 
von mir untersuchten menscblicben Eiern fand ich sogar H&ufchen 
von verklebten mlltterlichen Blntk5rperchen, ein Hinweis, dass der 
die Zottenanhlinge umgebende Raum aueh bier von Bint erfttllt 
gewesen war. Aucb die Bescbaffenheit der grQBeren, mitsamt der 
unverletzten „Frnchtkap8el" (Decidua serotina + reflexa) dnrch Abort 
ansgetriebenen menscblicben Eier iSlsst nur die einzige Dentnng zn, 
dass die Placentation beim Menscben dnrcb Eindringen 
der Chorionzotten in die Uterindrttsen nnd durcb Ver- 
wachsen der Zotten mit dem Drttsenepitbel eingeleitet werde! 
Enpffer^) beschrieb nnl&ngstein solchesEi; jedocb deutet er, ebenso 
wie seine VorgSnger; den zwischen Zotten nnd Frucbtkapsel befind- 
licben Raum nicht als mtttterlichen BlutsinnS; sondern als einen dnrch 
die Decidua reflexa vom Uteruslnmen abgekapselte HQhle . „die mit 
Zotten besetzte Membran" liege „frei unter der .... Fruchtkapsel"; 
aber „einige wenige Zotten dringen bereits in die Snbstanz der 
Decidua serotina ein". — Denkt man sicb den, im Kupffer'schen 
PrSparate ofPenbar blntentleerten nnd daher znsammengefallenen 
Ranm zwischen „Zotten" nnd Fruchtkapsel strotzend mit Blut gefttUt, 
so erhUlt man genan das gleiche Bild, wie es die unverletzten AfFen- 
placenten darbieten. Denn dass die Chorionzotten aueh bei diesem £i 
desMenschen von dem verflachten Epithel der Drttsenschlftncbe 
fest nmscblossen waren, lasst sich mit Sicherheit aus der folgenden, 
scharfen Beobachtung Kupffer's entnehmen: „Das Epithel (der sog. 
„Zotten") ist durchweg doppelschicbtig, sowohl an der Membran, wie 
an den Zotten. Die Zellen der tieferen Epithellage sind von kubischer 
Gestalt; die anderen etwas platter^ zeigen an der freien Flache einen 
gestrichelten Saum nnd bier nnd da nnzweidentige Reste von Flimmer- 
besatz". An meinen, vortrefflich erhaltenen Praparaten von ganz 
jungen menscblicben Placenten vermag ich jedocb einen Flimmerbesatz 
nicht aufznfinden, nnd ich sebe mich daher gezwungen, den gestrichel- 
ten Saum, welchen Eupffer beschreibt, fttr ein Artefakt zu halten. 

1) C. Eupffer, Decidua und Ei des Menschen am Ende des ersten Monats. 
Miinchener medizinische Wochenschrift, 1888, Nr. 31, S. 515—516. 



Digitized by 



Google 



Selenka, Placenta des Menschen. 741 

Was nun ftlr das von Kupffer untersuchte Ei, muss auch flir 
alle tlbrigen bisher beschriebeneu; jllngeren Eier des Menschen Gel- 
tung baben. Denn bei alien diesen Eiern werden die freien Zotten 
bescbriebeu; und wo inimer auf den bistologischen Ban derselben 
Bttcksicht genommen ist; findet sicb auch die Angabe, dass die 
iinSere Gewebssehicht eiu ^doppeltes Epithellager" darstelle — von 
denen das ftuBere jedoch nicht zum Ei geh5rt, sondern als Drtlsen- 
epithel aufzufassen ist. Diese Struktur ist aber sebon bei Eiern aus 
der zweiten Woche der Entwicklung nacbgewiesen ; wir dttrfen daher 
schliefieu; dass das Einwuchern der Chorionzotten in die Uterindrtisen 
schon wfthrend der ersten Woche geschehe. 

Ftlr diese Ansicht sprechen auch noch andere Grtlnde^ von denen 
ich einige zur Sprache bringe. — 1) Pflicbtet man der bisherigen 
Auffassung bei, dass nftmlich das Ei des Menschen nicht frtthzeitig 
mit dem Uterus verwachse, sondern wochenlang frei in der Frucht- 
kapsel liegen bleibe^ so erscheint es unbegreif lich ^ warum die De- 
cidua sicb rings urn das Ei erheben und dasselbe umkapseln soUte; 
denn die Veraulassung zu dieser Umwncherung kann doch nur in 
dem Beiz gesncht werden , welchen der Eontakt des Eies mit dem 
Uterus hervorbringt *). 2) Gelangte das Ei nicht schon frtthe mit 
dem Uterusepithel in Verl(5tung, so wtlrde das Uterusepithel sowie 
die Uterindrtisen an der Innenfl&che der sogenannten Fruchtkapsel- 
h5hle nachweisbar sein. Bisher hat kein Forscher die Existenz diezes 
Epithels nacbgewiesen ; im Gegenteil wird die Innenfl^che der Kapsel 
als uneben bezeicbnet und von Bindegewebszellen gebildet. 3) Die 
Doppelschichtung des Chorionektoderms w&re ganz ohne Analogic. 
4) Es erscheint ganz unerklftrlich^ dass das Ei des Menschen bis 
in die sechste Woche hinein lediglich durch die sp&rlichen Blut- 
geftlSe ernllhrt und mit Sauerstoff versehen werden k5nnte, welche 
mit ^einzelnen Zottenenden^ in Bertlhrung kommen. Dagegen 
wird die Ern&hrung des Eies verst^ndlich, sobald wir uns die Gewebs- 
Ittcke zwischen den Drtlsenschlftuchen mit Blut geftlllt denken, ein 
Yerhalten; das thatsftchlich bei den Affen nacbgewiesen wurde. 

Es lassen sicb noch andere Grilnde gegen die herrschende An- 
sicht von der freien Lage des Eies in der Fruchtkapsel ins Feld 
ftthren; doch will ich mich begntlgen^ bier noch das Ei eines Hylo- 
bates in Ktlrze zu bescbreiben, damit der Leser sich ttberzeugC; dass 
auch bei den anthropoiden Affen die Anlage der Placenta durch 
das Einwuchern der Chorionzotten in die Weitungen der 
Uterindrtisen geschieht. 



1) Beilaufig sei bier bemerkt, dass auch bei den niederen Affen die Decidua 
sich um das £i, nachdem dasselbe am Uterusepithel angewachsen, in Form 
eines Kraterrandes erhebt; diese Erhebung bleibt jedoch als niedriger Wall 
erhalten. 
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NINTH LECTURE.^ 



THE EAR OF MAN: 

ITS PAST, PRESENT AND FUTURE. 
By HOWARD AYERS. 

The study of the human ear, its structure and its 
functions, is not alone a modern endeavor on the part of 
man to "know" himself; for history tells us, that the 
Greek philosophers and anatomists sought, both by 
dissection and physiological experimentation, to ascer- 
tain the anatomy of the organ, and how it is that we 
hear by the ear. The extent of their knowledge we do 
not know, for most of their anatomical treatises are 
lost to us. 

Empedocles, 473 years B.C., referred the perception 
of sound to the cochlea; and Aristotle (384 B.C.) was 
acquainted not only with the internal ear of the higher 
vertebrates, but with that of fishes as well. 

The Egyptian school of anatomists does not seem to 
have progressed beyond the knowledge borrowed from 
the Greeks. 

1 The memoir, of which this lecture is an abstract, will be issued in the 
Journal of Morphology ^ Vol. IV., No. 3. 
188 
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At the present day we owe our knowledge of audition 
and its apparatus mainly to the French, German and 
Swedish anatomists of the past half-century. For not- 
withstanding the fact that the earlier Italian school 
had paid much attention to the auditory organ, they 
did not make any noteworthy contributions to our 
knowledge. 

With all honor to the large number of workers in this 
field who have added facts from this side and that, and 
without whose labors it would have been far more 
difficult for the more recent writers to have accomplished 
their comparative studies and to have formed their 
generalizations, there are a few names among them 
which stand out in greater prominence than the rest, 
and to whose investigations we owe the facts which, 
when properly combined, furnish us with a solution of 
the problems of the origin of the ear and of its exist- 
ing condition. They further allow us to predict with 
reasonable certainty the course which it will pursue 
in its further development. In other words, their in- 
vestigations of the ear enable us to understand its 
past, its present and its future. 

First among these names are those of C. Hasse of 
Germany and Gustav Retzius of Sweden, John Beard 
of England and E. P. AUis of our own country. 

The two first mentioned have, by extended investiga- 
tions into the structure of the adult condition of the 
internal ear of a large number of species, representing 
every important group of vertebrates, built up a com- 
parative anatomy of the internal ear upon an anatomical 
basis alone. They have also given accurate descriptions 
and figures of the forms thus studied, which render 
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possible the comparison of the embryonic conditions 
with the adult, and the establishing of important phylo- 
genetic conclusions based on these relations. 

John Beard first clearly saw the relation existing 
between the sense-organs on the surface of the body 
and. the organ enclosed within the head by the for- 
mation of the auditory vesicle (the auditory labyrinth 
of the adult), but he failed to apprehend the nature of 
the involution and the relation of the sense organ to its 
walls. 

E. P. AUis, by giving us the first thorough investi- 
gation of the relations of the sense-organs of the lateral 
line system to the surface of the body, in the account 
of which he describes the method of their enclosure 
within canals, the laws of their increase, and of the 
fusion and division of canals, the process of their sink- 
ing below the surface of the body, and of their enclosure 
within the cartilage (or the bone) of the skeleton,— 
made known the developmental plan according to which 
not only the superficial canal sense-organs grow and 
reach their adult relations, but also, as it is now dis- 
covered, the plan according to which the ear sense-organ 
divides and forms its canals and other parts. This 
latter fact is demonstrated by the published results of 
numerous embryological investigations on animals from 
the several classes of vertebrates. 

In order that we may fully recognize the influence 
these investigations have had on the solution of the 
problems concerning the phylogenetic history of the 
human internal ear, it will be necessary first of all to 
understand the anatomy of the ear in some type form. 
For this reason I ask your forbearance while I briefly dc- 
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scribe the internal ear of one of our American Torpedoes 
or Electric Rays (Torpedo occidentalis), and bring into 
comparison with it, part by part, the homologous struc- 
tures of the ears of Myxine, or the Hag-fish, and Petro- 
myzon, or the Lamprey Eel, as two representatives of 
the Cyclostome type ; the Alligator as a representative 
of the reptilian type, the Thrush {Minius) to illustrate 
the avian condition, and the ear of Man as typical for 
the mammalian group. 

You will find the vertebrate internal ear described, in 
the text-books and special memoirs dealing with this 
organ, as a paired sense-organ, occupying a position on 
either side of the head behind the eye. It resembles in 
the general features of its relations to the head and 
nervous system the other organs of special sense. One 
prominent feature is its constant position between the 
roots of the fifth and tenth cranial nerves, which in 
the higher vertebrates especially, may be said to be 
pushed cephalad and caudad respectively by the growth 
of the ear. 

The first trace of the ear seen in the embryo is, as 
shown in Fig. 7, a simple saucer-shaped depression of 
the ectodermic epithelium on the dorso-lateral region of 
the head, not far removed from the gills. This thick- 
ened saucer sinks into the head, and divides into two 
parts, a superior and an inferior, or an utriculus and a 
sacculus as they are called. From the former the semi- 
circular canals are differentiated, while the latter portion 
gives off the aqueductus vestibuli, or the endolymphatic 
duct, and the cochlear canal. These parts by further 
growth are converted into the auditory labyrinth of 
the adult. 



Digitized by 



Google 



nCAL LABORATORY. 

:ration all other developmental 
the completion of the auditory 
re in mesodermic tissue which 
r-capsule (the bony labyrinth 
jr forms), I wish to call your 
great importance for the cor- 
morphology of the ear. 

Fig. I. — The left internal ear of Tor- 
pedo Occident alls dissected out of its 
cartilaginous capsule, and viewed 
from the outside. The somewhat dia- 
grammatic figure represents the ear 
about twice its natural size, as found 
in a fish five feet in length. 



A* Aotcrior ampulla. 

/!< Anierior canal. 

ac Auditory nerve. 

c.e Endolymphatic canal. 

CO Uiriculo-saccular cone. 

//'» External ampulla. 

H* External canal. 

tnu Macula utriculi duct. 

/ La^cna and papilla U{^ne. 

P Surface pore of endolymph canal; « its 

sac. 
F* Posterior ampulla. 
P* Posterior canal. 
SC Sacculus and its macula sacculi. 
U' and U" Utriculus and utriculo-saccular 

chamber. 



loes not divide, as previous 
;ed, into superior and inferior 
ior and a posterior chamber, 
ranals are not given off from 
Dm the sacculus as well. With 
5 corrected, the way is clear 
simple-as-the-truth account of 
tebrate ear, and we shall never 
ry labyrinth. 
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An inspection of the Torpedo ear (Fig. i) shows it to 
be composed of a number of more or less curved tubes, 
three of which approach a semicircular form, and have 
been on this account, since their discovery by Fallopius 
in 1 561, called the semicircular canals. These three 
canals project from the central sac of the ear in three 
directions, and they lie approximately in the three planes 
of space. These planes do not coincide with the sagittal, 
horizontal and transverse planes of the body respec- 
tively, nor do the planes of any of the canals of the 
right side form continuations of the planes of the canals 
of the left side, or vice versa. The importance of these 
spacial relations will appear when we come to consider 
the physiology of the organ. 

One of the canals projects forwards and outwards, and 
is known as the anterior vertical canal (the terms supe- 
rior and sagittal canal have also been applied to it), 
another projects backwards and outwards, and is called 
the posterior vertical canal (the terms inferior and fron- 
tal have been given to it), while the third canal projects 
outwards and downwards nearly in the horizontal plane, 
and is called the external or the horizontal canal. 
Although it is usually stated in the text-books, that 
these canals occupy the three planes of space, and 
although, if not stated directly, it is none the less implied, 
that the canals also coincide with the three planes of 
the vertebrate body, — the sagittal, frontal, and horizon- 
tal respectively, — yet, we find that the very considerable 
and universal deviation from this hypothetical condition 
has been recognized by several investigators and the 
important bearing of the facts on auditory physiology at 
least in part recognized. I shall return to this further on. 
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Telle Each of these canals opens into the main sac of the 

Die " ear by its two ends, though this usual relation is not 

weitc adhered to by all vertebrates, since some of the cartilag- 

<ler inous fishes show the posterior canal separated almost 

samt completely from the main sac, communicating with it 

^Jj*tt8< only by a small, much reduced canal, the two ends of 

^^^"'^ the semicircular canal having been brought together 

"^S*** and its two terminal openings fused into one. 

^"1^"^ In Torpedo the proximal (superior) ends of the canals 

®'^.^^^ (Fig. I, near cd)^ are brought together and empty into a 

common but very short tube, which serves to maintain 
the communication with the main sac. Before uniting, 
... however, the external and posterior canals unite by 

, communicating with a common ama,^ while the anterior 

canal swells out into an ama of its own. There is no 
constancy in the relation of the ends of the canals to 
each other or to the main sac, and, as we shall see later 
on, the matter has no great morphological or physiologi- 
cal importance. The enlargements at the proximal ends 
of the canals are found among most of the lower forms 
and occur in the development of the higher groups, usually 
disappearing before maturity is reached. The distal 
(inferior) ends of the canals are swollen into globular 
bodies, the ampullae, which are usually flattened on one 
side by the entrance of the nerve branch, which breaks 
up into a brush of fine fibrils as it enters the ampullar 
wall. The nerve fibrils are distributed to the sensory 
cells of the crista acustica or transverse ridge, which 

^ I shall caU the superior terminal enlargements of the semicircular 
canals amae, from the Greek ama^ — a water-vessel, — since, unlike the 
ampullae or the inferior terminal enlargements, they contain no nerve end 
organs and are mere fluid-holders. Their signiBcance is unknown to us. 
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projects from the bottom of the ampulla into its cavity 
and bears on its free surface the hair-bearing sensory 
cells constituting the percipient elements of the nerve 
end-organs of the ear. 

Each ampulla is connected with the main sac by a 
shorter or longer tube (Figs. i-6), the length of the 
tubes varying with the canal, and in greater degree 
with the animal species under consideration. 

In the Torpedo the ampullar tubes of the anterior and 
the external canals join before opening into the utriculus 
(Fig. I, near [/'), while the posterior canal has a sep- 
arate and very large tube which opens into the saccular 
division of the main sac (Fig. i, near [/'). 

So far as the main sac of the Torpedo ear is con- 
cerned, it appears when viewed from the side (Fig. i) to 
be composed of three large communicating chambers, — 
[/,' [/," and SC. When, however, it is seen from the 
inside, the chamber [/" appears as a median vesicle 
from which are given ofif cephalad the utricular recess 
[// and caudad the saccular recess SC, and the lagena« 
This central portion, then, is the connecting chamber of 
the primitive ear-sac, and is composed in part of the 
original sacculus and in part of the original utriculus. 
This chamber, as you see, is produced into a conical 
body, CO, which is continued outward to the surface of 
the body by the long and slender canal c.e. Shortly 
before the slender tube or endolymphatic duct reaches 
the surface it presents an enlargement in the form of a 
broad sac which lies just below the skin of the dorsal 
region of the head. The duct is continued beyond the 
sac where it pierces the skin, and thereby places the 
cavity of the ear in communication with the surrounding 
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medium. This duct communicates with some of the 
sense-organ canals lying in the skin, and is innervated 
by one of their nerves. 

The sense-organs, six in number, with perhaps a trace 
of a seventh, are placed, three in the ampullae of the 
semicircular canals, as already described, these being 
designated the cristas, while the other three are known 
as the maculae and papillae acusticae ; the one in the 
recessus utriculi, [/,' being the utricular macula w«, 
while the one in the saccular recess SC is called the 
macula acustica sacculi. It has budded off the lagenar 
spot, or papilla acustica lagenae, /. 

These organs are derived from the division of a single 
parent organ, as we shall see later, and hence their dif- 
ferences of form are secondary. The trunk of the 
auditory nerve (Fig. i, ac.) is composed of two branches, 
each of which gives off three branchlets to the anterior 
and posterior divisions of the ear respectively. We 
may thus speak of an utricular and a saccular branch, 
each supplying the structures belonging to (i^, de- 
veloped from) its* part of the ear. In Torpedo the 
anterior branch or the ramus utriculi gives off one 
branchlet to the crista of the anterior ampulla, another 
branchlet to the crista of the external ampulla, and 
third to the macula utriculi. This latter branchlet i 
in reality composed of several branchlets ; for th 
macula utriculi is a compound sense-organ, as th 
sequel will show. 

The posterior or saccular branch gives off or 
branchlet to the crista of the posterior ampulla, 
second branchlet to the macula sacculi, and a thii 
to the papilla lagenae, while there is possibly a fourt 
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given off from the ampullar branch to an abortive 
ampullar organ for which Retzius proposed the name 
of macula neglecta. In the figure of the Torpedo ear 
this organ would lie in the ampullar tube of the 
posterior canal about where the horizontal canal crosses 
it, and its nerve would be in the figure entirely hidden 
from view. 

Both Hasse and Retzius, after many years spent in 
the comparative study of the internal ear, have decided 
that between the ears of the Cyclostomata and the ver- 
tebrates of the gnathostome type there was no discem- 

c 
Fig. 2. — The right internal ear of the Hag- 
fish {Myxine glutinosa), seen from the inside 
or cerebral face. Figure after G. Retzius. The 
figure represents the ear somewhat enlarged, 
and does not show the shape or exact positions 
of the contained sense-organs. 

a Anterior ampulla. d Ductus endolyraphaticus. 

a/ Posterior ampulla. mti Macula utriculi et sacculi. 

c Anterior and posterior canals. n Nerve branchlets. 

^* ^ A«.^..iu»«»<i« ^r^k^ con... * Utriculo-sacculus. 

^^ [ Ampullar ends of the same. ^ Sacculus endolymphaticus. 

ible basis of homology. The gulf separating the two 
types prevented the recognition of such genetic rela- 
tionships as might exist. Since my studies lead to a 
very different conclusion, a short account of the salient 
features of the Cyclostome ear, introduced here, may 
serve as a preliminary to the consideration of the mor- 
phological laws governing the development of the ver- 
tebrate ear, alike in its ontogeny and its phylogeny. 

The internal ear of Myxine (Fig. 2) is the simplest 
known among vertebrates. It is divided by a vertical 
line passing through the letter c^ the sac of the endo- 
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Telle lymphatic duct (s), and the duct itself into two quite 

Die symmetrical portions. The anterior corresponds to the 

weitc anterior part of the Torpedo ear, and there is a similar 

"^^ correspondence between the posterior halves of these 

^*°** two ears. The main points of difference are, ist, The 

'•' sense-organs of the Myxine ear are only three in num- 

"* ber, or at most four. 2d, The canals, only two in 

5° * number, and they do not communicate by their amal 

. , ends with the main sac of the ear, or the utriculo- 

, J sacculus, for here the chambers are not separated 

^ \ ^ though distinctly marked ofif. 3d, The endolymphatic 

duct does not communicate in the adult with the sur- 

g 1 j^ face of the body. 

1. j^, The auditory nerve, however, has the same number 

of divisions, — two, — and they supply the utriculus with 
its anterior ampulla, and sacculus with its posterior am- 
pulla, respectively, the same as in the Torpedo ear. 

Fig. 3. — The right internal ear of a Lamper-cd 
{Petromyzon/luviatilis)t viewed from its inner 
or cerebral face. The figure after Retzius. 

ac Auditory nerve. u Utriculus. 

c Anterior canal. «/ Sacculus. 

r/ Posterior canal. t Ductus et sacculus eodO' 

n Ramus utricularis. lymphaticus. 

np Ramus saccularis. 

In Petromyzon the ear is much more compact than 
in any other known form ; the canals, though two in 
number and well developed, do not rise above the sur- 
face of the utriculo-sacculus ; and although they fuse 
together at their proximal ends as in Myxine^ they also 
open into the main sac by a short, small tube. The 
whole structure is divisible by a vertical passing through 
the apex and the middle of its base into anterior and 
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posterior divisions, and the parts thus separated are very 
much the same as in Myxine^ showing but slight modifi- 
cations of the floor of the sac in the direction of a 



i^ 




Fig. 4. — The right internal ear of 
Alligator mississippiensis, seen from 
the outer face. Figure after G. 
Retzius. The Bgure outlines do 
"iiot bring. out the relations of the 
parts distinctly, and only the more 
important parts are lettered. 

ac Auditor^r nerve. 

6 Pars basilaris cochleae auct. 

c Anterior canal. 

eh External canal. 

cp Posterior canal. 

/ La^ena. 

n' Cnstae acusticac of the ampulls. 

t Sacculus. 




Fig. 5. — The right internal ear of 
Turdus mtisica, seen from the 
inner or neural face. P'igure 
after G. Retzius. The letters 
are placed only on those parts 
of the organ plainly visible in 
the figure. 

ac Acoustic nerve. 

e Anterior canal. 

ck External canal. 

c^ Posterior canal. 

a Ductus endolymphaticut. 

/ Lagena. 

ms Macula sacculL 

n Lagenar nerve. 

n' Cristae acusticae of the ampullae. 



differentiation of the sense-organs contained, and in the 
formation of chambers for the reception of the new 
organs thus budded off. Though slight, this change 
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is very important, for it introduces us to a series 
of changes which have led to the production of the 
gnathostorae type of ear. 

The reptile, bird, and mammal ears furnish us with a 
progressive series in which the parts already present in 
the Torpedo are carried to successively higher degrees 
of perfection. The most noticeable change from the 
Torpedo condition is the much elongated lagenar re- 
gion, or, as it is called in the mammalia, the cochlea, 
which by means of the high differentiation of its con- 
tained sense-organ has risen to first rank among the 
auditory sense-organs. 

The utricular and saccular regions are relatively 
much reduced. The semicircular canals have under- 
gone a similar reduction, and among the birds and mam- 
mals appear more nearly semicircular or more evenly 
curved than in either the reptiles or the fishes. 

All of these ears retain traces of the primitive division 
into anterior and posterior chambers', and the relation 
of the nerves described for the Cyclostome and the Tor- 
pedo obtains throughout the group, except, of course, 
where a given sense-organ has divided, when, as is fre- 
quently the case among the higher types, two or more 
nerve branchlets are present where only one existed in 
the lower type. 

In Fig. 6, which is a figure of the developing human 
ear seen from the outside, the anterior and external 
ampullae are intimately related to each other and to the 
utriculus U^ while the posterior is given ofif from the 
sacculus. A line passed through the space between U 
and 5 of the figure, and continued so as to pass, out just 
above the ampulla of the posterior canal, divides the ear 
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into its anterior and posterior halves, which, owing to 
the distortion produced by the enormous growth of the 




Fig. 6. — The left internal ear of a 
human embryo, 22 mm. in length, 
seen from without and below. Figure 
after W. His., Jr. The figure is from 
a model constructed from serial sec- 
tions, and represents the ear much 
magnified. 

a Anterior canal. 

am Ampulla. 

am' Anue. The middle reference line b 

superfluous. 
c Cochlea. 

d Ductus endolymphaticus. 
k External canal. 
t Sacculus in the restricted sense; really 

only the recessus sacculi. 
u Utriculus. 



cochlea, now appear as superior and inferior portions of 
the canal system of the ear. 

The development of the special sense-organs of the 
lateral line in Amia or the ganoid Dog-fish, as made 
known by Allis, gives us the key to the solution of the 
problem of the homologies of the parts of the internal 
ear. In this fish the inclosure of the canals and the 
formation of the pores and tubes, while it is undoubtedly 
the primitive process, is essentially a simple and regular 
process, and when it is fully carried out the canals arise 
in separate sections, each of which contains a single sense-* 
organ. 

In the young Dog-fish, in which the canals have not 
begun their development, the sense-organs lie below the 
surface and may be traced as more or less continuous 
whitish lines. "These lines mark general and exten- 
sive surface depressions." From the bottom of these 
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voilsl 

Telle general surface depressions the sense-organs sink down 

^^^ forming, as they do so, small pits, at the bottom of which 

^®^*^ the organ lies. The lips of the pit grow upward and 

"^^ inward, ahd meeting above arch over the pit forming 

samt! ^j^^ beginning of a canal. This arch grows away from 
the pit in two directions until it meets another canal, 

. with which it fuses, or until its energy is spent, when it 

.^ comes to a standstill and remains a longer or shorter 



rionz 



. . canal open at both ends, possessing somewhere near the 



epitli 



middle of its course the canal sense-organ which gave 
T'''^ the first impulse to the development of the canal. The 

sense-organ lies in a pit which represents what we 
Schl^ know in the ear canals as the ampulla. The lateral line 

g^pjii sense-organs are then supplied with, or lie in, ampullae. 

um i The canals being formed in short sections, one to 

each sense-organ, and fusing as they do to make longer 
canals, we should expect the compound canal at the 
point of fusion of its two components would retain a 
pore connection with the surface from which the canals 
were formed. Such is the case. 

Again, in the division of a canal organ and its canal, 
we should expect to find the canal retaining its surface 
communication by means of a single pore, if the division 
did not progress to completion, and we find this occurs 
regularly in the development of canals. The reverse of 
this process also occurs, in which the pore divides first, 
while the parent canal may remain undivided. 

We shall see later on that the ear canals fuse and 
retain their communication with the surface by means 
of a single pore, and that in one instance a canal organ 
divides, bringing about an incomplete division of the 
original canal, so that both canal organs communicate 
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the study of the development of the internal ear than 
any vertebrate with which I am acquainted. Fig. 8 shows 
the auditory involution after it has assumed the saucer- 
shape already alluded to. This condition is the result 
of a concomitant thickening and sinking of the ecto- 
derm, which over the area of the saucer represents one 
of the canal sense-organs of the lateral line system, 
and the whole process from the beginning on is but a 



Fig. 8.— The head of an embryo Shark 
{Acanthi as vtilgaris)^ from nature, magni- 
fied 20 times. The figure shows the saucer- 
shaped depression containing theinsinking 
sense-organ which is to be converted into 
the auditory sense-organs of the Shark. 

a.v Auditory saucer (vesicle). 
e^ Epiphysis. 
J Fore-brain. 
£ Gill region. 

. • I Upper and lower hind-brain rcgioo. 

m Mid-brain. 



repetition of the formation of the canal organ and its 
canal, as seen in Amia, As the saucer-shaped thick- 
ening sinks below the surface, the opening on the 
surface grows smaller, the bottom of the saucer in- 
creases in size, and the resulting structure is an 
auditory vesicle distinctly flask-shaped (Fig. 9, a.v). 
The neck of the flask grows longer, and finally appears 
bent backwards and inwards, owing to the increase in 
size of the head in this region, which causes a transla- 
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then drawn out in an antero-posterior direction. During 
this process the anterior end comes to point outward, 
while the posterior end is directed inwards toward the 
median line. There may now be seen several changes 
in the shape of the vesicle which, while not conspicu- 
ous, are very important, since they usher in a succession 
of transformations which ultimately produce the three 
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Fig. II. — The ear of a very Fig. 12. — The internal ear of a some- 



young Rabbit embryo, 1 1 mm. 
long. Figure after Krause. 

a Anterior canal. 

am Ampulla. 

d Ductus endolymphadcus. 

/ Lagena. 

s Sacculus. 
u Uiriculus. 



what older Pig embryo, 33 mm. I 
Figure after Krause. 

a Anterior canal. 

am Ampulla. 

d Ductus endolymphaticus. 

/ Lagena. 

/ Posterior canal. 

s Sacculus. 

M Utriculus. 



semicircular canals and the rudiment of the cochlea. 
These changes are visible on the outer and upper faces 
of the vesicle as slight ridge-like elevations of the sur- 
face, and on the posterior ventral end of the vesicle as a 
knob-like prominence (Fig. 10, c, ch, and a,v). Of the 
former there are two, of the latter a single one. The 
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former structures seen from inside the vesicle are 
merely depressed grooves in the wall of the vesicle, and 
the latter a sunken but broadly open pit. These grooves 
grow deeper, their edges grow together, first, along the 
middle part of their course, thereby producing canals. 

The lips of the pit fuse by reaching across the middle 
of the opening, and thus produce the beginning of the 
posterior canal, which, by its continued growth upward, 
soon reaches and fuses with the anterior canal. The 
terminal pores of these two canals, at what proves from 
later events to be their amal ends, fuse and open into 
the vesicle by a single pore. 



Fro. 13. — The left interaal ear from a human 
embryo, 13 mm. long, about the fifth week of 
development 

a Anterior canal. 

atn Ampulla. 

d Ductus endolymphaticiit* 

k External canal. 

/ Lagena. 

/ Posterior caoaL 

s Sacculus. 

u Utriculua. 




The introductory stages in the development of the 
human ear are but a repetition, as regards essentials, of 
the process as I have described it in the shark. 

When fully cut off from the exterior, the auditory 
vesicle forms a compressed sac having an irregular 
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quadrangular shape. This condition is found in embryos 
of three and a half to four weeks. The utricular and 
saccular divisions are readily distinguished, and even 
now the semicircular canals have begun to differentiate 
by the formation of two shallow depressions in the walls 
of the utriculus. Both the pocket common to the 
vertical canals and the pocket for the external canal 
are present. Below the latter is seen the larger and 
deeper evagination for the cochlea. When the embrj'o 
has reached the length of 8 mm., the cochlea has so far 
developed as to stand out distinctly from the sacculus, 
and is at the same time bent (Fig. 11, /). At both 
ends of the common pocket of the verticals, and at 
one end (anterior) of the external depressions, are slight 
enlargements — the future ampullae. From now on, the 
parts rapidly acquire individuality. The anterior canal 
is completed first. Then the posterior becomes cut off, 
and soon after the external is perfected. 

The whole vesicle undergoes a marked change in form 
during this period, for, owing to the growth of the 
ductus endolymphaticus from the apex of the primitive 
vesicle, and the great elongation of the cochlear tube 
from the bottom of the saccular region, the canal com- 
plex now appears drawn out in a dorso-ventral direction. 
The cochlear canal has now, about the fifth week, one 
half a spiral turn, and a long groove has appeared on 
the inside of its wall (fold on the outside), from which 
the nerve end-organ — Corti's organ — arises. In the 
embryo of 30 mm. (Fig. 6) length the canals are well 
formed, and the ampullae are quite prominent. The 
two verticals which from tAeir mode of development 
have up to this time occupied the same plane^ now begin 
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sense-organs of the auditory complex and of their canals. 
It is the morphological value of that sense-organ which, 
ever since its discovery by Retzius, has been such a 
source of discussion and investigation ; viz. the macula 
acustica neglecta, supposed by some to belong to the 
utriculus ; by others, to the sacculus in the older sense. 





B 
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Fig. 14. 

A Auditory vesicle. 

B Utriculo-sacculus. 

C Utriculo-sacculus + two ampnllary canals. 

D Utriculo-sacculus •¥■ two ampuUaiy canals and lagenar canal. 

Stage A represents the undivided superficial sense-organ of the verte- 
brate ancestor, as it is invaginated from the surface and enclosed within the 
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living vertebrate. And it is quite possible that the 
auditory saucer may contain the rudiments of the two 
primary sense-organs of the Cyclostome ear. The 
parent sense-organ soon divides transversely into two 
nearly equal parts, which are the anterior and pos- 
terior sense-organs respectively. The auditory vesicle 
is at the same time partly separated into two cham- 
bers (incomplete canals) to accommodate them. These 
chambers are the utriculus and sacculus. 

^^'^Zl'^'-^^l:-^.^ Fig. 15. — The Cyclostome type ear 

shown here is a very simple structure 
as compared vrith the complicated 
organ found among the Gnalho' 
siomata, but compared with its an- 
cestral condition, i.e, the auditory 
vesicle, it is seen to have gone 
through many changes, and stands 
to-day midway between its earliest 
condition and the highest differen- 
tiation known. This diagram is con- 
structed on the basis of the anatomy 
of the only two known forms of 
this group, Myxine and Petro- 

myton. The canals and their organs retain a very primitive condition 

of structure. 




H.vm; 



COA Anterior canal. 

ca/ Posterior canal. 

cr. a Crista acustica anterior. 

cr, / Crista acustica posterior. 

d Endolymphatic duct. 

u.t The utriculo-saccuhis. 

u z and 9 Branchlets of the utricular 

branch of the auditory 

nerve. 
s I and a The saccular branches of the 

same. 



odt Terminal portion of the endo- 
lymphauc duct, which in 
neither of these Cydostomes 
opens on the surface of the 
body in adult life. 

fH€u. u Macula acustica utricuH. 

mac. s Macula acustica sacculi. 

X and a The portions (i) of the sense- 
organs that remain in the 
parent cavity and the portion 
(2) which mitnrate into the re- 
cessus utriculi and Ugenn 
respectively. 



Each of the two sense-organs of the second genera- 
tion after a while divides into two unequal parts in such 
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The sense-organ numbered six in the Cyclostome 
stage (the crista acustica anterior, or anterior canal 



o.dL«. 



Fig. 16. — The Gnathostome type 
ear shown here illustrates the 
method and the extent of the 
modifications which the Cyclo- 
stome ear has suffered in its 
descent to this group. The an- 
terior and posterior canal organs 
have each budded off an organ 
which, in the case of the anterior 
canal, produces a well-formed 
canal, the external, present in 
all the members of this group, 
while the posterior bud never 
produces a well-formed canaL 
The utricular recess, which con- 
tains a number of sense-organs 
derived from the division of the 
macula utriculi, is represented as 
forming a tubular prolongation of 
the utricular cavity, in order to 
more clearly show the parallelism 
of this group of organs with the 
lagenar group. In no known 
form does the production of the canal proceed to the extent showm 
in the diagram. The sense-organs of the lagenar group are repre- 
sented as separated from each other by an interval, whereas the 
actual relation in nature is much more intimate. 




ca Anterior canal. 
c/ Posterior canal. 
ck External canal. 
c. ai Abortive canal. 
M Ulriculus. 



rtc. uiric Recessus utriculi. 

rec. sac Recessus sacculL 

d Ductus endolymphaticiis. 

t Sacculus. 

«. tU Orifice of the 1 



organ, of Myxine and Petromyzon) has divided to pro- 
duce sense-organs ten and twelve of the Gnathostome 
stage, i>. the cristas acusticae anterior et borizontalis, of 
the human ear. 
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j^. 1 the nerve supply has been excluded from its just share 

•x^ in forming the conclusions. 

jpj. j These canal structures had no special phylogenetic 

^^j^t\ significance for investigators in this field ; for although 

(jj-Ugi it was known that the auditory vesicle was invaginated 

Haha irom the surface of the body, the connection of the 

begr^ sensory part of the invagination with the superficial 

rionz canal organs was not understood. Now that we know 

sindi that there is a genetic connection, many of the intricate 

epith problems receive their solutions, and the genetic rcla- 

als c tionships appear clear and certain for all the types. 

The demonstration of these facts deals another blow, 

Schl^ and a fatal one, at the degeneration hypothesis which has 

been so persistently applied to the elucidation of Cyclo- 

stome anatomy and development, with such pernicious 

morphological results. (This will apply equally to 

Amphioxus, though only indirectly in this particular 

instance.) This solution relieves us from the necessity 

of explaining away the vertebrate ear on every occasion, 

when we seek to establish a relationship between the 

vertebrate and the invertebrate types; for we are led 

to see the value of very simple, superficial, sense-organs 

in an undifferentiated group of animals, for the building 

up of structures of great complexity, and of intricate 

relations to other parts of the animal body in the 

members of higher forms, and also to recognize the 

manner in which the structure and functions of organs 

may be profoundly changed in the course of time. 

Now, while it is not known that Amphioxus is pro- 
vided with an organ of hearing, the next higher forms 
do possess an internal ear of such structure that not 
only does it help us to understand the more complex 
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j^. ' must be cC genetic relationship between tlie canal organs 

of the internal ear and the superficial canal organs ; and 
since there is not the slightest doubt that the super- 
ficial canal organs are the original or parent organs, we 
are brought to the unavoidable conclusion that the ver- 
tebrate internal ear is a transformed canal organ. 

It follows from what I have said that the system of 
canal sense-organs must be a very ancient one, since it 
must have antedated the origin of the internal ear of 
the Cyclostomes. 

Although ontogenetic evidence seems to lead to the 
conclusion that the auditory organ arose by the in- 
vagination of a single superficial sense-organ^ it is by 
no means certain that this is true ; for there are certain 
facts of comparative anatomy and certain phylogenetic 
considerations which point to the conclusion that the 
auditory organ has arisen by the bringing together of 
two originally distinct sense-organs which were together 
sunk below the surface. The main facts at present in 
favor of this view are these : — 

1. In all eared vertebrates the auditory organ is sup- 
plied from two distinct brain centres, one lying in close 
connection with the facial nuclei, the other intimately 
related with the glossopharyngeal nucleus. 

2. In all eared vertebrates the so-called auditory 
nerve is composed of two distinct roots — an anterior 
and a posterior — which supply the anterior and pos- 
terior chambers respectively. 

3. In all these forms the anterior root is external 
to the brain, united with the facial nerve. 

4. In some fishes the nerve to the posterior ampulla 
is derived from the glossopharyngeal nerve, between 
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the surface of the body midway between the roots of 

the facial and glossopharyngeal nerves as they issue 

^^""*' from the brain. At the point of junction the two half- 

, pores united into a single pore, which in some fish 

, „ ^ forms {e,g. Torpedo) persists as the outer opening of 

' jjj^ the endolymphatic duct, and the only persisting indica- 

beffr4 ^^^^ ^^ ^^ separate origin of these organs and their 

j.j^j^ J canals is their nerve supply. It is a necessary conse- 

gjjjj * quence of the great functional differentiation which 

epitrf ^^ ^^^ organs have suffered that their nerves should 

.ilg d also become much increased in size, and instead of 

1 appearing now as nerve branches they have become 

Schl^ really larger than the parent nerves from which they 

stehil arose. 

um < As a prelude to the little I have to say on the 

physiology of the internal ear, I wish to emphasize 
the following considerations : We have very slender 
foundation indeed for correctly judging of the functional 
relations of the integral parts of the internal ear, and 
what we have is largely speculative, based on our 
knowledge of the structure of the parts. 

What we need at the present time is physiological 
experimentation. First of all, an extended series of 
varied, careful, and unbiassed experiments on the sense- 
organs of the lateral line system of the lower verte- 
brates, to determine their functions, and then more 
experiments on the internal ear of the least differen- 
tiated representatives of our type, to determine what 
functional modifications have arisen during the trans- 
formation processes. Finally, the combination of the 
knowledge thus gained, with the results of experiments 
upon the human subject. 
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-^. , followed by loss of the ability to equilibrate the 

body, 
weitc 
. An extended presentation of the arguments for and 

-, against the equilibration theory of the semicircular 

^lynQ^ canals would be too long and unprofitable to justify 

j^^jjjj introducing it here, especially so now that there is no 

jjgo-r^ longer the slightest evidence in favor of the theory, 

|.j^,^2 since the results of experiments by the physiologist 

qidJ I Steiner have been published. It is commonly stated 

epitn that the auditory nerve, besides possessing the func- 

als A tion of transmitting auditory impressions, also transmits 

J stimuli to the equilibrious centre, and that the ampullae 

SchW of the semicircular canals contain the sense-organs 

stehil. which subserve this function. 

um 4 The ampullar sense-organs may, however, be com- 

pletely severed from their respective nerves without 
producing any disturbance in the equipoise of the 
body. The section of the ampullar nerves, even though 
the greatest care be taken to prevent damage to the 
connecting nerves, must produce an intense stimulation 
of the central end cells, and it is wholly unexplained 
why the ampullar nerves may be thus cut without pro- 
ducing any visible effect if the equilibration theory 
were true. 

Experiments carried out in Hermann's laboratory in 
1877, by Fraulein Tomaszewicz, showed that in bon] 
fishes the semicircular canals and their ampuUary sense 
organs could be entirely removed without in the leas 
influencing the equilibration of the body. Another se 
of experiments, even more decisive, were performe 
by Professor Steiner in 1888, in the physiologies 
department of the Naples zoological station, on th 
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for it can be clearly shown that during the wounded 
state the bird is still able to equilibrate itself under 
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.J certain conditions, and those conditions involve calting 

1^, into use the tactile sense. The sensation of giddiness 

jjMg^ produced by injury to or destruction of the canals is 

j^^jjjj due not to the. injury of the ampullar sense-organs, but 

jjgo-r^ either to a disturbance of the centre of equilibration 

Y\ox\^ in the brain by mechanical injury to the cells of this 

sinj^ centre, or to the cessation of the perceptions arising in 

epith part from the functional activity of the auditory mech- 

als c anism. It has been observed that a pigeon operated 

on by canal section or destruction can, and usually does, 
Schl^ steady itself and properly direct and execute coordinated 

stehil movements, the moment its sense of sight is aided by 

um 4 the tactile sense sufficiently to enable it to form a cor- 

rect judgment of its position in space and its relation 
to surrounding objects. 

Now, barring nausea or other nervous disturbance 
accompanying section among the warm-blooded animals, 
it is plainly true that the animal's failure to coordinate 
its movements lies in the fact that it forms false judg- 
ments of its spacial relations on an insufficient basis 
sense-perception, the constant stream of auditory im- 
pressions having been cut off, even in the milder 
experiments, by the disturbance of the pressure equi- 
librium of the endolymphatic fluid. 

On the basis of the evidence which had been pro- 
duced by the advocates of this doctrine, Milne-Edwards 
disposed of the kinetic and statical theories of the 
equilibration functions of the semicircular canals in 
the following words : " Mais les hypotheses propos6es 
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accessory apparatus is a ponderous mass, which only 
relatively powerful vibrations can set in motion. All 
vibrations of the air which do not succeed in moving 
this conducting apparatus are lost to us. It is for the 
purpose of making up this great loss that the external 
ear has been developed. Traces of accessory apparatus 
to place the internal ear in more favorable communi- 
cation with the exterior, begin to make their appearance 




Fia 17. — A projection of the internal ear on a flat surface, to illustrate 
the relations of the sense-organs and canals of the Torpedo ear, when 
the auditory chamber is brought to the surface and spread out flat 

e Canal. n" Macula neglecta. 

^ Canal pore. ml Papilla lagenae. 

n' Crista acustica. ms Macula sacculi. 

MiM Macula utriculL c. dt Endolymphatic duct. 

among the cartilaginous fishes, whose ears still retain 
their direct connection with the sea-water by means 
of an endolymphatic duct. This tendency is due to 
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Telle In closing, allow me to recapitulate the more impor- 

Die tant features of oto-phylogeny, past, present, and to 

weitc come. 

^^^ ' In the PAST the ear of man was a canal organ of the 

^^^^' lateral line system of sense-organs. A system which 

**''^®^ has disappeared from the surface of the adult human 

"* body; but which still occurs in a reduced condition 

oegr^ during embryonic development. All its organs regu- 

^!^" larly produced protective canals, and the auditory organ 

®'°.^ came to differ from the neighboring organs merely in 

P size and the greater depth of its ampullar pit. At first 

its functions were identical with those organs of the 

0,1. same system, having the same nerve supply; but 

. 1 ^ as it was more and more removed from the surface 

yjjj ^ of the body, it acquired greater protection against 

injuries and concomitantly greater sensitiveness. It 

increased in size and began the process of division, 

which has resulted in the organ as it exists at the 

present day. 

These changes required untold millions of years for 
their perfection ; for, since palaeontological science tells 
us that this same Amia or ganoid Dog-fish which has 
retained its surface organs in such a primitive condition, 
existed in its present form, at the very least, twelve mil- 
lions of years ago, you will readily conclude that the 
human mind can form no adequate conception of the 
period of time which elapsed since the ancestors of 
the Dog-fish were like the Cyclostome fishes in the 
structure of their ears. 

For we know that at the present time Amia has an 
internal ear of greater complication t^an the Torpedo, 
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voUsi 

Telle difiFerentiation ; it will, nevertheless, remain in the 

Die ' human descendants of the distant future, whatever 

weitc their form may be, however keen or diversified their 

der i auditory function may become, merely a transformed 

Samfc CANAL ORGAN. 
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PREFACE. 

DURING the past two years a belief has become 
current amongst certain Biologists — as may be 
gathered, for instance, from the preface to Mr. J. T. Cun- 
ningham's translation of Professor Eimer's work — that the 
Editor of " Nature" has been more willing to publish letters 
contending that acquired faculties are not inherited, than 
those contending that they are. It can hardly be believed, 
however, that the recognized organ of English science would 
display those suicidal tendencies which, according to Prof. 
Huxley, are characteristic of science when it adopts a creed. 

My reason for publishing this essay in its present form is, 
that the essential points in it were originally submitted to 
the Editor of " Nature " in the form of a letter, but it was 
not inserted. Whether its non-insertion was due to its 
lacking sufficient worth, or whether to the existence of a 
bias of the kind above indicated, I leave my readers to 
judge. 

To keep within moderate limits the following criticism 
of Mr. W. Piatt Ball's work, entitled "Are the Effects of 
Use and Disuse Inherited ? " I have restricted myself 
entirely to one of the problems he deals with : — '* The 
diminution of the jaws in civilized races." My reason for 
selecting this one being, that it is the first he deals with, 
and therefore one which he believes to well represent his 
own view. 

The importance of this question of heredity will need no 
emphasis to Biologists. The Politician and Student of 
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Society will appreciate its merit when they consider that, if 
Mr. Ball's contention be true, the education of an individual^ 
in its widest sense, mental, moral, and physical, ends with 
that individual, and its effects are never transmitted in any 
degree to any offspring that individual may leave. Which 
is to say, that the children of the wrangler, the prize-fighter, 
and the drunkard, start on exactly even terms considered in 
relation to the acquirements of their parents. 

R H. C. 
Churchfield, Edgbaston, Birniingham. 
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THE 

DIMINUTION OF THE JAW IN THE 
CIVILIZED RACES, 

AN 

EFFECT OF DISUSE. 

BEFORE going into the question of the causes affecting 
the size of the lower jaw, it will be well to ascertain 
definitely the average amount of difference in size between 
the lower jaws of the savage and the lower jaws of the civi- 
lized. Mr. Ball attempts to show this by weighing various 
jaws at the Museum of the Royal College of Surgeons, 
which led him to the conclusion that, " After allowing for 
lost teeth and the consequent alveolar absorption, and for a 
reduction proportional to that shown in the rest of the 
skull, the difference in average weight in fifty European 
and fourteen Australian male jaws at the College of 
Surgeons turned out to be less than a fifth of an ounce, or 
about 5 per cent.** 

Now weighing is an unsatisfactory method for forming 
any opinion upon the size of any bones, and still more 
the size of jaws ; for it omits to take account of the 
varying density of the bone itself, and, " speaking gene- 
rally, the density of a bone diminishes as age advances " 
(T. Jones. " Diseases of the Bones," 1887, p. 14). It like- 
wise omits the difference in density of the teeth which the 
jaw contains, and "the specific gravity or density of the 
teeth varies considerably " (Carl Wedl, " Pathology of the 
Teeth/' Trans, by W. E. Boardman, 1872, p. 28). In 
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the thirty skulls which were measured was left to an 
attendant, whose only instructions were to choose those 
skulls which were sufficiently intact to admit of fairly accu- 
rate measurement. He was purposely not informed why 
they were being measured. 

The capacities of the skulls in cubic centimetres were 
extracted from the Museum Catalogue, which does not, 
however, contain any measurements of the jaws. These 
therefore, I was compelled to take myself, which I did by 
passing a flexible measuring tape from the external point 
of the left condyle, round the lower anterior part of the 
symphysis, to the external point of the right condyle. It 
is scarcely necessary to point out that this peripheral 
measurement is entirely unaffected by the greater obtuse- 
ness of the angle which the rami make with the body of 
the jaw in old age than in middle life. This change being 
due to the resorption of the bone on the posterior border 
and about the angle of the jaw, and not to any lengthening, 
as it might appear, in the distance from the condyles to the 
symphysis. The number of each skull is appended, so that 
the measurements may be verified. 



Australian. 


Ancient British. 


Recent English. 


No. 


Skull. 


Jaw. 


No. 


Skull. 


Jaw. 1 


No. 


Skull. 


Jaw. 


1068A 


1365 


loi 


288 


? 


10 


330A 


1785 


10 


1088 


1260 


10 


292 


1500 


loi 
10? 


331 


1425 


9i 


1053 


1 160 


II 


297 


1300 


331A 


1220 


1059 


1290 


\n 


298 


1700 


loj 


330 


1730 


"i 


1068 


1450 


299 


1390 


9i 


331 B 


1585 


10 


1066 


1250 


. II 


316 


1500 


II 


333 


1 170 


9i 


1052 


1275 


4 


300 


1575 


loi- 


335 


1610 


loi 


1052A 


1230 


31^ 


1780 


II 


337A 


1712 


loi 


1060 


1460 


II. 


328 


? 


9 


338 


1640 


II 


1068B 


1365 


loi 


302 


1220 


9i 


333A 


1575 


9i 


Total . 


13105 


106 




1 1965 


ioi| 




15452 


ioi| 


Average 


1310-5 


io'6 




14957 


lO'I 




1545*2 


lO'I 
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Having now obtained measurements of the absolute sizes 
of the lower jaws in the foregoing three separate cases, it 
remains to find their relative sizes — the ratio, that is, 
which each class of jaw bears to its class of skull as a 
whole. For, to take an extreme case, it is clear that if we 
were to compare, in respect of their jaws, giants and dwarfs, 
we might have an absolutely smaller jaw in the individual 
in which the jaw was relatively very lai'ge in comparison 
with the skull. Clearly, therefore, we must deal with the 
relative sizes of the jaws, and not their absolute sizes. 

To attain this result it is needful that the skulls should 
all be raised to one common capacity, and the jaws simi- 
larly altered to accord with this change. The thing to be 
shown is, what the size of the Australian jaw would be were 
the Australian skull (as estimated by its capacity) raised to 
the size of the recent English skulL A result easily attained 
by an ordinary proportion sum. 

Raising the skulls to the capacity of the Recent English, 
and proportionately increasing the jaw measurements, we 
obtain : — 

Australians . . Skull 1545*2 . . Jaw 12*49. 
Ancient British . „ „ . . „ 10*43. 
Recent English . „ „ • • » lO'i. 

But these being linear measurements, do not represent how 
extraordinarly the masses of the jaws vary : to show this 
the linear measurements must be cubed. This being done, 
the ratios for equal sizes of skulls become : — 

Mass of Australian jaw 1948. 

„ Ancient British jaw . . . 1135. 
„ Recent English jaw. . . . 1030. 

Hence the mass of the Recent English jaw is, roughly 
speaking, half that of the Australian relatively to the skull, 
and a ninth less than that of the Ancient British. Yet Mr. 
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Ball says that he " could not undertake to affirm that they 
[the English jaws] are really shorter and smaller " than the 
Australian jaws ! 

After making the foregoing measurements I found that 
they were strikingly borne out by data gathered for an 
entirely different purpose, and were thus immensely 
strengthened in every way. The data to which I refer are 
■contained in a paper read before the Odontological Society 
of Great Britain by Mr. J. R. Mummery, Vice-President, 
and published in the ** Transactions " for 1870, entitled 
"** On the Relations which Dental Caries (as discovered 
amongst the Ancient Inhabitants of Britain, and amongst 
■existing Aboriginal Races) may be supposed to hold to 
their Food and Social Condition." 

Speaking of 132 Australian jaws which Mr. Mummery 
measured, he says: "The jawbones are powerfully deve- 
loped, and large in proportion to the cranium." (p. 47.) 
That he has not overstated the case will be seen when the 
measurements of the jaws which he gives are compared. 

The width of arch at first molar varies between : — 

For 135 Ancient British jaws . . . 2f to 2-J in. 
„ 132 Australian jaws 2}- „ 2|- in. 

That is to say, while the mean of the British is 2tV J^m the 
Australian is 2-j^ in. ; are in fact one-quarter of an inch 
wider, without making any allowance for the difference in 
size between the two skulls, which, were it made, would 
increase this difference. 

Is anything further necessary to show how fallacious are 
Mr. Ball's conclusions concerning the sizes of the jaws in 
question ? Here is the result of an investigation extending 
over nine years, carried on in museums situated all over 
England and Wales, assisted by residents in many parts of 
the world, and for an object entirely different from that for 
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Let us first dispose, however, of the collateral question 
which Mr. Ball raises when he asks, " Why is there not 
simultaneous variation in teeth and jaws, if disuse is the 
governing factor ? Are we to suppose that the size of the 
human teeth is maintained by use at the same time that 
the jaws are being diminished by disuse ? " The answer to 
this question is so obvious that it is strange Mr. Ball does 
not see it. If decrease of use causes decrease of size, then, 
that the effect may be produced, the influence of decreased 
use must be continuous and constant. In the case of the 
jaw itself this is so. The nutrition of bone is tolerably 
active, and the increase or decrease of bone can therefore be 
adjusted to increase or decrease of function ; but teeth are 
subject in very small degree to the influence of increase or 
decrease of function. During nearly the whole of their 
period of development they are not subject to any function 
at all, and when they are fully developed, they are in very 
small measure affected by degree of function, since the 
nutrition of teeth is very feeble, and the changes only very 
small and slow. Practically, teeth remain constant through- 
out life after having been once formed, whereas bone does 
not. 

While Mr. Ball thus raises this apparent difficulty which 
is no difficulty, he draws attention unawares to a fact which 
is utterly at variance with the hypothesis he defends. That 
hypothesis implies that correlated parts vary together. 
There can be no closer correlation than that between the 
teeth and the jaw in which they are inserted ; and yet by 
Mr. Ball's own tacit assertion the jaw has diminished while 
the teeth have not ; that is, they have not varied together. 
I may name in passing that the jaws yield us another proof 
of the truth that correlated parts do not vary together, in 
the transversely wrinkled skin upon the upper jaw of such 
dogs as the King Charles spaniel and the pug : a wrink- 
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is baseless. For instance, we read of the Tahitians that 
"The nostrils of the female infants were often pressed or 
spread out during infancy, because they looked on a flat 
nose as a mark of beauty " (Sir John Lubbock, '* Pre-his- 
toric Times," 1878, p. 384). The natives of the Indian Archi- 
pelago " sometimes express their contempt of white teeth 
by saying that 'men ought not to have teeth like those 
of dogs or monkeys ' " (J. Crawford, " History of the Indian 
Archipelago," vol. 1. p. 217). Amongst the East Africans 
"a person who has his teeth is considered ugly" (D. 
Livingstone, "Missionary Travels," 1857, p. 533). At 
Loango " Beauty of countenance is regarded as a defect in 
men : every one envies him whom the small-pox have worst 
used." (Proyart's "History of Loango," in Pinkerton's 
" Collection," 1808-14, vol. xvL p. 589.) "Ask a Northern 
Indian, What is beauty? He will answer, A broad flat 
face, small eyes, high cheek-bones, three or four broad 
black lines across each cheek, a low forehead, a large broad 
chin, a clumsy hook-nose." (S. Heame," Journey from Prince 
of Wales' Fort," 1795, p. 89.) "The insular Caribs re- 
garded a flat forehead and a broad nose as noble and 
beautiful." (T. Waitz, "Anthropology," 1859, vol. iii. p. 414). 
The different type of beauty admired is again brought 
before our notice by the pressing of children's heads between 
wooden boards, to give them pyramidal, narrow, or other 
shaped skulls. 

Mr. Ball next assumes that sexual selection with re- 
gard to the face was operative throughout early stages of 
human progress. But sexual selection by women does not 
thea exist ; their own choice of men is never considered for 
a moment ; when not stolen they are bought, and their 
wishes are not a factor in the matter. Again, the selection 
of women by men is not operative, because practically all 
women are made wives or mothers in one way or another. 
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The importance of maintaining the numbers of the tribe in 
early stages is so great that no woman is thrown away ; 
however unattractive she may be, she must bear children. 
Hence selection by males does not act. It is only where 
there is a surplus of women that selection by males comes 
into operation, and only then when the increase in the 
numbers of the tribe is sufficient to keep it at its fittest 
strength, after allowing for deaths and the decrease due to 
other causes. 

Sexual selection by females has only in recent ages been 
allowed to act at all ; and there is no proof that it has even 
then tended to the selection of men characterized by small 
jaws. The contrary may be inferred ; for is not one of the 
commonest characteristics of women the admiration of 
power in man — especially physical power ? Is it then to be 
assumed that they would select men with the ordinary sign 
of deficient force and will — a. small lower jaw ? 

The argument from sexual selection is thus trebly falla- 
cious. For, firstly, in early stages women have no power to 
select the men they prefer ; secondly, selection by men does 
not act ; and thirdly, when women have the power of choice, 
they do not select men with small lower jaws. 

Lastly, Mr. Ball makes the tentative suggestion, when 
speaking of the diminution in the weight and thickness of 
the jaw, that " cessation of the process by which natural 
selection favoured strong thick bones during ages of brutal 
violence might bring about a change in this direction." 
The peripheral measurement of the jaw, however, which has 
been here adopted, in opposition to Mr. Ball's method of 
weighing, would not be affected by mere change in the 
weight and thickness of the jaw. It follows, therefore, that 
the size of the jaws as stated in the foregoing measure- 
ments cannot have been influenced by cessation of the pro- 
cess of selecting strong bones. 
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While not strictly included in the foregoing argument, an 
opinion expressed in Prof. Lloyd Morgan's otherwise very 
admirable work, "Animal Life and Intelligence," seems 
worth passing notice as furnishing an illustration of the 
views contained in the previous pages. Prof. Morgan 
appears to think it not at all impossible that artificial 
selection may have led to the reduction of the size in pet- 
dogs* jaws ; that the ladies who keep these animals would 
eliminate all those dogs which had large jaws. For Prof. 
Morgan takes it for granted that as these dogs, say once in 
a way, bite their owners, those only would be kept which, 
from their smaller jaws, would leave the smallest marks 
upon their owner's person. It is very easy to prove how 
worthless is this supposition, for of the many breeds of dogs, 
ladies do not select those with the smallest jaws. To give 
but one instance, we may name the latest favourite breed — 
the Dachshund — a breed with remarkably long jaws, both 
upper and under having unusually long peripheral measure- 
ment As Prof. Romanes says, " If artificial selection has 
taken any part in the matter at all, it must have done so in 
the direction of * favouring harmlessness ' by acting on 
instincts or dispositions rather than on jaws and muscles." 
("Nature," vol. xliii. p. 218.) 

Summary and Conclusion. 

To sum up : — ^We have found that, in contradiction to 
Mr. Ball, the lower jaws of Recent English are decidedly 
smaller than those of the Australians or the Ancient 
Britains ; that because the jaw has diminished, it is no 
reason why the teeth should also have diminished; that 
natural selection would not favour a smaller jaw by facili- 
tating agility and saving nutrition ; that the idea of sexual 
seleXTtion diminishing the size of the jaw is trebly fallacious ; 
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and that cessation of the process of the natural selection of 
strong bones could have no effect upon the size of the jaw. 
Thus the whole of the arguments by which Mr. Ball 
supports his contention that the effects of use and disuse 
are not inherited in this instance of the jaw prove to be 
worthless. Natural selection, sexual selection, and cessation 
of the process of natural selection, being shown to be in- 
capable of producing the diminution of the jaw which we 
have found in the civilized races, we are therefore compelled 
to adopt the opposite conclusion to that of Mr. Ball, and to 
believe that the diminution is an effect of disuse ; and con- 
sequently that acquired faculties are inherited. To deal 
in like manner with the other instances which Mr. Ball 
adduces will, I think, be held superfluous. It may be 
fairly concluded that if, in this first case he treats, his 
reasonings are thus invalid, they are most probably invalid 
in the other cases. 
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